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The paper concerns some speci�c features of the conservation laws that explain the evolutionary process in the
material systems and a mechanism of formation of physical �elds. It is known that in the material systems the
conservation laws for energy, linear momentum, angular momentum, and mass are valid. These conservation laws
establish a balance between a change of a physical quantity and a relevant action to the system. Such conservation
laws may be referred to as balance conservation laws. To the physical structures that format the physical �elds
there correspond the conservation laws as preserving physical quantities. In the work it was shown that a transition
from the balance conservation laws for material systems to the conservation laws for physical �elds corresponds to
an origin of the physical structures and a formation of the physical �elds. In material systems it reveals in the form
of origin of new formations (pulsations, waves vortices, creation of particles) that are observable and measurable.
We show that the noncommutativity of the balance conservation laws is the basis of these processes.
Such results have been obtained by means of a mathematical tool utilizing the exterior di�erential forms.
In the work a role of the conservation laws in formation of the pseudometric and metric spaces is shown.

1. Introduction

At present there are many problems associated with
the conservation laws. An approach to the conserva-
tion laws, their mathematical expression and physical
treatment turn out to be di�erent in di�erent branches
of science. A concept \the conservation law" in di�er-
ent branches of science carry di�erent sense. In physics
the conservation laws reveal themselves as conservative
quantities (such conservation laws may be called exact
ones); in mechanics of continuous media these conser-
vation laws establish a balance between a change of
physical quantities (energy, linear momentum, angular
momentum, and mass) and relevant external forcing
(such conservation laws may be called the balance con-
servation laws); in thermodynamics the conservation
laws prove to be relevant to the principles of thermo-
dynamics. And what have they in common?

The exact conservation laws relate to physical
�elds. fPhysical �elds (electromagnetic, gravitation-
al, nuclear and etc) [1] are special forms of the matter
which are carriers of interactionsg . The balance con-
servation laws are those for material systems. fA
material system is a variety of elements which have
internal structure and interact to one another. Exam-
ples of elements that constitute the material system
are electrons, protons, neutrons, atoms, 
uid particles,
cosmic objects and others. As examples of material

1e-mail: ptr@cs.msu.su

systems it may be thermodynamic, gas dynamical, cos-
mic systems, systems of elementary particles (pointed
above) and others. The physical vacuum in its prop-
erties may be regarded as an analogue of the material
system that generates some physical �eldsg . As it will
be shown in Appendix, the principles of thermodynam-
ics are not special balance conservation laws. They
combine the balance conservation laws for energy and
linear momentum, and it enables one to understand a
nature of their interactions.

In the present work we show that the exact conser-
vation laws follow from the balance conservation laws.
And an interaction of the balance conservation
laws that appear to be noncommutative plays a
crucial role. fThe principles of thermodynamics may
be regarded as an example of accounting for this inter-
action in the thermodynamic systemsg . A transition
from the balance conservation laws to the exact ones
is accompanied by origin of the physical structures and
it forms the basis of the evolutionary processes [2-7].
It is evident that material systems generate the physi-
cal structures, and such structures format the physical
�elds.

In section 1 some properties of the exterior forms
utilized in the work are presented. In section 2 it is
shown that the closed forms may correspond to the ex-
act conservation laws. fFor the sake of clearness in
sections 2-8 we introduce a double notation. By simple
lettering and by italic one we respectively designate a
name, which has a physical sense, and that, which ex-
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plains the mathematical senseg . In the next sections
we demonstrate a noncommutativity of the balance con-
servation laws, establish a relation between the balance
conservation laws and exact those, and disclose a mech-
anism of origin of the physical structures that produce
the physical �elds.

In Appendix 1 we show that the invariant and met-
ric properties of the closed exterior di�erential forms
constitute the basis of existing �eld theories. In Ap-
pendix 2 we give an analysis of the principles of ther-
modynamics that disclose an interaction of the balance
conservation laws for energy and for linear momentum.
In Appendix 3 it was shown an in
uence of the non-
commutativity of the balance conservation laws on a
development of instability. In Appendix 4 equations of
the electromagnetic �eld were analyzed. In Appendix 5
we present a table of interactions. In Appendix 6 a role
of the conservation laws in formation of the pseudomet-
ric and metric spaces is shown, and an analysis of the
Riemann space and the Einstein equation is present-
ed. In Appendix 7 functional properties of solutions to
the di�erential equations, that are essential for the �eld
theory, are analyzed. These properties re
ect those of
the conservation laws.

2. Some properties of exterior
di�erential forms

An exterior di�erential form of degree p (p-form) may
be presented as [8-14]

�p = A�1:::�p dx
�1 dx�2 ::: dx�p; 0 � p � n (1)

where the basic dx� , dx� dx� , dx� dx� dx
 ; ::: obey
the condition

dx� dx� = 0

dx� dx� = �dx� dx� � 6= �: (2)

A di�erential (exterior) of the form �p is expressed
by the formula

d�p = dA�1 :::�p dx
�1 dx�2 :::dx�p (3)

and it proves to be the di�erential formof degree (p+1).
We will point out some properties of the closed

forms that correspond to the exact conservation laws.
1) A closure condition of the p-form �p (form of

degree p) is written as

d�p = 0 (4)

(it is obvious that the closed form is a conservative
quantity).

2) If a form is closed only on some structure, i.e.
on pseudostructure, then the closure condition may be
written in the form

d��
p = 0; (5)

where the pseudostructure � obeys the condition

d�
��p = 0; (6)

here ��p is the dual form. (One can see that a form
closed on pseudostructure is a preserving object). fTo
the exterior di�erental form on the di�erentiable man-
ifold there corresponds the skew-symmetric tensor.
To the dual form that describes the pseudostructure
there corresponds the pseudotensor dual to the skew-
symmetric tensor. The pseudostructures format coho-
mologies (cohomologies by De Rham, singular coho-
mologies [8]), sections of the cotangent bundles and so
on. They correspond to eikonals which are on one hand
the level surfaces and on the other the cut surfacesg .

3) A form is called exact one if it is equal to total
di�erential:

�p = d�p�1: (7)

The exact forms are closed identically: d�p = d d�p�1 =
0

4) Any closed form is a di�erential. An exact form is
a total di�erential. A closed inexact form is an interior
one on the pseudostructure di�erential.

�p = d��
p�1: (8)

5) From Eqs. (7) and (8) it follows that there exist
a connection between forms of sequent degrees. There
is also a similar integral relation

Z
cp+1

d�p =

Z
@cp+1

�p:

The theorems by Stokes and Gauss are special cases
of this relation.

From the de�nition of the form it follows that el-
ements of di�erential of the form are equal to com-
ponents of their commutator. Thus, if the form of
�rst degree is expressed as � = a� d�

� , then d� =
K�� d�� d�� , where components of the form commuta-
tor are K�� = a�;� � a�;� . Here a�;� , a�;� are the
covariant derivatives. In the case of di�erentiable man-
ifold the covariant derivatives coinside with ordinary
ones and the commutator components can be written
as

K�� =

�
@a�
@��

� @a�
@��

�
: (9)

If a form is de�ned on the nondi�erentiablle man-
ifold, then an additional term will appear in the com-
mutator, this term is a commutator of the metric form
of manifold.
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3. Conservation laws for physical
�elds. (A closure condition of
exterior forms)

As it is seen from the closure conditions (4), (5), a
closed form is a conservative quantity, and hence it
may correspond to the exact conservation law. And the
closed inexact form is a conservative object, namely, it
is a conservative quantity only on some pseudostruc-
ture � . The closure conditions for the exterior form
(d� �p = 0) and the dual form (d� ��p = 0) are math-
ematical expression of the exact conservation law.

The exact conservation laws correspond to physi-
cal structures that format physical �elds. Preserving
objects, e.g. conservative quantities (closed exterior
forms), on the pseudostructures (dual forms) are the
physical structures that format physical �elds:

�
d��p = 0
d���p = 0

7!
�
�p
��p

| physical structures 7!

7! physical �elds

Equations for the physical structures (d� �p = 0,
d� ��p = 0) turn out to coincide with a mathematical
expression of the exact conservation law. It is seen that
the exact conservation law is that for physical �elds.

As any closed form is a di�erential (either total if
the form is exact one: �p = d�p�1 , or interior on the
pseudostructure: �p = d� �p�1 if the form is inex-
act) of the form of lower degree, then the form of lower
degree may correspond to a potential. And the form
degree indicates a type of potential. The potential is a
scalar if l = 0 ( l = p � 1), it is a vector if l = 1, and
it is a tensor if l = 2; 3. The closed inexact forms of
zero, �rst and second degrees relate respectively to the
pseudoscalar, pseudovector and pseudotensor (vortex)
�elds. fAs it was pointed before, the closed form is
a conservative quantity. On the other hand, as it is a
di�erential of some form, which in this case plays a role
of the potential, the closed form reveals as a potential
force. That is, the closed form is dual object. This
duality of the closed forms discloses properties of the
physical �elds decribed as the carriers of interactions.
Below it will be shown, with respect to what the closed
form reveals as a potential force.g

Thus, an application of the closed exterior di�er-
ential forms enable one to see a relation between the
conservation laws and the physical structures that pro-
duce physical �elds. It may be shown that invariant
and metric properties of the closed exterior di�erential
forms that correspond to the exact conservation laws
constitute the basis of the existing theories which de-
scribe physical �elds. We are able to verify that all
existing theories are complemented by additional con-
ditions of invariance or covariance which are the closure

conditions for exterior or dual forms. (In more details
this subject is described in Appendix 1).

The existing �eld theories that are based on the ex-
act conservation laws allow to describe physical �elds,
�nd possible physical structures, and understand a va-
riety of physical �elds. However, such invariant theo-
ries cannot give an answer to the question concerning a
mechanism of the genesis of physical structures. Only a
theory that does not base on the closure conditions for
forms can give an answer. These conditions have to be
achieved by themselves spontaneously. A realization of
these conditions implies a formation of the closed form,
and this corresponds to the conservation law and gives
an indication of a production of physical structure. It
is evident that only the evolutionary theory can answer
the question about a mechanism of generation of the
physical structures. Such a theory is one based on the
balance conservation laws for the material systems. (It
also bases on the properties of exterior forms, howev-
er, in this case the exterior form are de�ned on the
nondi�erentiable manifold, and therefore they are non-
closed. These forms are nonintegrable ones. Topologi-
cal properties of commutators for such forms enable one
to understand a role of the balance conservation laws in
evolution processes and in formation of physical �elds.

4. Noncommutativity of the balance
conservation laws for material
systems. (Nonidentity of the
evolutionary relation obtained from
the balance conservation laws)

The conservation laws for the material system (continu-
ous medium) express the following [18]: a change of any
physical quantity in some volume for a given time in-
terval is balanced out by the 
ux of this quantity across
the boundary of the volume and by the source actions.
Under transition to the di�erntial expression the 
uxes
are substituted by divergences. And the di�erential or
integral equation is supplemented with a dependence
of the physical quantities on the state function of the
material system. Below a relation (in the di�erential
forms) for the state function will be obtained. Just this
relation disclose a speci�cs of the evolutionary process-
es. It should be underlined once more that the conser-
vation laws for the material medium are balance ones.

The balance conservation laws (for energy, linear
momentum, angular momentum, and mass) establish a
balance between a change of physical quantities and an
action on the system. And every balance conservation
law depends on relevant actions (so the conservation
law for energy depends on energetic actions, the con-
servation law for linear momentum does on force ones,
etc). In real processes such actions have a di�erent na-
ture. Therefore the balance conservation laws prove to
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be noncommutative. fWhat is the \noncommutativ-
ity" of the balance conservation laws? Suppose, that
�rst the energetic and then the force perturbations act
on a local domain of the material system (element and
its neighborhood). And let at the initial moment the
local domain be in some state A . According to the
balance conservation law for energy, under an in
uence
of the energetic perturbation the local domain develops
from the state A into any state B . Then according
to the balance conservation law for momentum under
an in
uence of the force perturbation it develops from
the state B into any state C . Suppose now that the
sequence of the actions changes, namely, �rst the force
perturbation and then the energetic one act, and the
system develops �rst into any state B� and then does
into the state C� . If the state C� coincides with the
state C , that is, the result does not depend on a se-
quence of perturbation of di�erent type (and on a se-
quence of performing the relevant balance conservation
laws), then it means that the balance conservation laws
commutate. If the state C� does not coincide with
the state C , then it means that the balance conserva-
tion laws prove to be noncommutativeg . This is just
of decisive importance for evolutionary processes and
a mechanism of origin of the physical structures. Be-
cause of noncommutativity of the balance conservation
laws, an external forcing that experience the material
system cannot directly convert into physical quantities
(energy, linear momentum, angular momentum, mass)
of the system, but they convert into some quantity that
acts as internal force and is a cause of the evolutionary
processes.

To understand how the balance conservation laws
interact to one another it is necessary to study a con-
junction (self-consistence) of equations governing these
laws.

The balance conservation laws may be described by
means of di�erential equations [15-18]. If the material
system is not dynamical one (as in the case of ther-
modynamic system), then the equations of the balance
conservation laws may be written in terms of increments
of physical quantities and governing variables.

Equations are conjugate ones if they may be con-
tracted into identical relations for di�erential, i.e. for
a closed form. Let analyze the equations that describe
the balance conservation laws for energy and linear mo-
mentum.

We introduce two frames of reference: the �rst is in-
ertial one (this system is not connected with the mate-
rial system), and the second is accompanying one (this
system is connected with a manifold created by trajec-
tories of elements of the material system). The energy
equation in the inertial frame of reference may be re-
duced to the form:

D 

D t
= A; (10)

where D=D t is the total derivative with respect to
time,  is the functional of the state that speci�es the
material system, A is a quantity, which depends on
speci�c features of the system and on external energy
actions on the system. The action functional, entropy,
wave function may be regarded as examples of the func-
tional  . Thus, the equation for energy represented in
terms of the action functional S has a similar form:
DS=Dt = L , where  = S , A = L is the Lagrange
function. In mechanics of continuous media the equa-
tion for energy of ideal gases may be presented in the
form [16]: Ds=Dt = 0, where s is entropy. In this
case  = s , A = 0. It is worth note that the exam-
ples presented show the mutual relation between the
action functional and entropy.

In the accompanying frame of reference a total
derivative with respect to time transforms into that
along the trajectory. The equation (10) turns out to be
written in the form

@ 

@�1
= A1; (11)

here �1 is a coordinate along the trajectory. In a similar
manner, in the accompanying frame of reference the
equation for linear momentum appears to be reduced
to the equation of the form

@ 

@��
= A� ; � = 2; ::: ; (12)

where �� are coordinates in the direction being normal
to the trajectory, A� are the quantities that depend
on speci�c features of the system and external force
actions.

The Eqs. (11), (12) may be convoluted into the
relation

d = A� d�
�; (� = 1; �); (13)

where d is the di�erential expression d = (@ =@��)d�� .
The relation (13) may be written in the form:

d = !; (14)

here ! = A� d�� is the di�erential form of the �rst
degree.

As the balance conservation laws are evolutionary
ones then the relation obtained is also evolutionary law.
The proper evolution relation corresponds to every ma-
terial system (see Appendices (2)-(4)g .

The relation (14) has been obtained from the bal-
ance conservation laws for energy and linear momen-
tum. In this context the form ! is that of the �rst
degree. If the equations of the balance conservation
laws for angular momentum be added to the equations
for energy and linear momentum, then in the evolution-
ary relation this form will be that of the second degree.
And in a combination with the equation of the balance
conservation law for mass this form will be a form of
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degree 3. Thus, in the general case the evolutionary
relation may be written in the form

d = !p;

where the degree of the form p takes the values p =
0; 1; 2; 3.. (The evolutionary relation for p = 0 is sim-
ilar to that in the di�erential forms, and it has been
obtained from interaction of energy and time or mo-
mentum and coordinate.)

In the left-hand side of the evolutionary equation
there is the functional expression d , which speci�es
a state of the material system, and in the right-hand
side there is the form !p which coe�cients depend on
external actions. The meaning of the evolutionary re-
lation lies in a fact that it discloses a speci�c feature
of dependence of the material system state on external
actions. As it will be shown below, the evorutionary re-
lation has a speci�c feature (it may be nonidentic one)
which enables one to determine a mechanism of tran-
sition of the material system from nonequilibrum state
to the equilibrum or locally equilibrum one, and this
has a decisive importance for the evolutionary process.
fIt should be pointed out the following. If to a state
of the material system there correspond a di�erential
of any function, then this indicates that a state of the
material system is the equilibrum or locally equilibrum
one. And if the di�erential is absent, then this means
that the system is in the nonequilibrum state. As it will
be shown below, owing to this speci�c feature the evo-
lutionary relation enables one to detect a presence or
absence of the di�erential and as the result to classify
a state of the systemg .

At this point we show that for real processes the
evolutionary relation appears to be nonidentical
one . A relation may be identical one if it relates any
measurable metric or invariant objects, i.e. the objects
which may be compared. fA concept \nonidentic re-
lation" may be seemed as contradictive one. However,
this concept carries an in-depth meaning. The identic
relation establishes an exact correspondence between
quantities entering into that. The nonidentic relation
can establish an exact correspondence between quanti-
ties entering into that only under some supplementary
conditions. If these supplementary conditions do not
satis�ed, this relation has a physical meaning as well.
If this relation is evolutionary one, then it proves to be
a selfvariating relation, that is, a variation of one object
of the relation forces a change of the other object, and in
turn a change of the second object leads to a change of
the �rst one and so on. As one object is nonmeasurable
object, than the other object cannot be compared with
the �rst one, and hense a process of selfvariation can-
not be terminated without additional conditions. Addi-
tional conditions can be realized by themselves under a
selfvariation of the nonidentic relation owing to any de-
grees of freedom. Just the nonidentic relations, which

the evolutionary relations belong to, can describe a self-
organization of the material systems. The principle of
self-organization will be clari�ed laterg .

Let as examine the relation (14). For real processes
the form ! that stands in the evolutionary relation (14)
and depends on the external actions appears to be non-
closed and hence cannot be an invariant object. For the
form to be closed it needs the di�erential of the form
or its commutator be zero (elements of a di�erential of
the form are equal to components of its commutator).
Let us consider a commutator of the form ! = A�d�� .
Components of the commutator may be written as fol-
lows:

K�� =

�
@A�
@��

� @A�
@��

�
; (15)

(here a term that is connected with a nondi�erentia-
bility of the manifold was not taken into account as
yet). Coe�cients of the form ! have been obtained
either from the balance conservation law for energy or
from that for linear momentum. It means that in the
�rst case the coe�cients depend on the energetic action
and in the second case they depend on the force action.
In actual processes energetic and force actions have a
di�erent nature and appear to be nonconsistent. The
commutator of the form ! constructed from derivatives
of such coe�cients is nonzero. This means that a di�er-
ential of the form ! is nonzero as well. Thus, the form
proves to be nonclosed and isn't an invariant object.
Therefore, in the evolutionary relation there in nonin-
variant term. Such a relation cannot be identical one.
Hence, without a knowledge of a particular expression
for the form , one can argue that for an actual process-
es the evolutionary relation proves to be nonidentical
because of nonconsistency of the external action. To
emphasize this fact, it is reasonable to write down the
relation (14) in the form

d �= !; (16)

(it was introduced the sign �= instead of the equali-
ty sign =). In a similar manner one may prove the
nonidentity of the general evolutionary relation and to
write it in the form:

d �= !p: (17)

A nonidentity of the evolutionary relation means that
equations of the balance conservation laws turn out to
be nonconjugate (thus, if from the energy equation to
obtain a derivative of  in the direction along the tra-
jectory and from the momentum equation to �nd a
derivative of  in the direction normal to the trajecto-
ry and next to calculate their mixed derivatives, then
from the condition that the commutator of the form !
is nonzero it follows that mixed derivatives prove to be
noncommutative). It points that these balance conser-
vation laws don't commutate.
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5. Nonequilibrum property of material
system. Selfvariation of the state of
material system. Topologic
properties of commutator for
nonintegrable form

What is follow from noncommutativity of the balance
conservation laws? Let us analyze the evolutionary re-
lation (14). If the balance conservation laws for energy
and momentum be commutative, then the relation (14)
turns out to be identic, and the di�erential d can be
obtained from that. It may be regarded that  is a
function of the state. And an existence of the function
of state means that the state is locally balanced one.
This means that external actions directly transform in-
to physical measurable quantities of the system, name-
ly, energy and momentum of elements of the material
system. But because of the evolutionary relation is not
identical, one cannot obtain the di�erential d from
that relation, and this means that there is no the func-
tion of state. The state of system is nonequilibrum one.
Because of the noncommutativity of the balance conser-
vation laws, the external forces cannot directly trans-
form into measurable quantities of the system, and they
transform into any nonmeasurable quantity. This non-
measurable quantity, which is described by the commu-
tator of the form ! , acts as internal force. This means
that because of the noncommutativity of the balance
conservation laws the state of material system proves
to be nonequilibrum one and there is an internal force
described by the commutator of the nonintegrable form
! . In the general case this nonmeasurable quantity is
described by the commutator of the nonintegrable form
!p . The nonequilibrum is a moving force of the evolu-
tionary process. A further analysis of the evolutionary
relation and the commutator of the form !p allows to
understand a mechanism of the evolutionary process.

A nonidentical relation, if it is a evolutionary rela-
tion, appears to be selfvariating: a change of any object
of the relation forces a change of other object and in
turn a change of the second object leads to a change
of the �rst one and so on. As one of objects of the
nonidentical relation is nonmeasurable object, then the
other object cannot be exactly compared with the �rst
object. This property of the nonidentical evolutionary
relation makes it possible to describe a selfvariation of
the nonequilibrum state of the material system. In this
case topologic properties of the commutator of nonin-
tegrable form (this form is de�ned on the nonintegrable
manifold) play a deciding role.

If manifold, on which the exterior form is de�ned,
is nondi�erentiable one, then an additional term that
contains a commutator of the metric form of manifold
(this commutator speci�es a deformation of the mani-
fold) will enter into a commutator of the exterior form.
The form !p , that stands in the evolutionary relation,

is de�ned on the accompanying manifold, which for ac-
tual processes turns out to be nondi�erentiable one as
it is formatted contemporaneously with a change of the
state of material system and depends on the physical
processes. Hence, a term containing the characteris-
tics of the manifold will enter into a commutator of the
form !p in addition to a term, which is connected with
derivatives of coe�cients of the form. An interaction
between these terms of di�erent nature just describes a
mutual change of the state of material system.

Let us examine this with an example of commu-
tator of the form ! = A� d�� that enters into the
evolutionary relation (14). We assume that at the be-
ginning an associated manifold was di�erentiable. In
this case a commutator of the form ! can be written
in the form (15). If at the next point in time any ac-
tion e�ects on the material system, then this commu-
tator turns out to be nonzero. A state of the material
system becomes nonequilibrum and it will appear an
internal force whose action will lead to a deformation
of the accompanying manifold. Then the accompany-
ing manifold fails to be di�erentiable. In a commutator
of the form ! it will appear an additional term, that
speci�es a deformation of the manifold and is a com-
mutator of the metric form of manifold. If it is possible
to de�ne the coe�cients of connectivity ���� (for non-
di�erentiable manifold they are asymmetric ones), then
a commutator of the form may be written as

K�� =

�
@A�
@��

� @A�
@��

�
+ (���� � ����)A� ; (18)

where (���� � ����) is a commutator of the metric form
(which speci�es a torsion of manifold). An emergence
of the second term can only change a commutator and
cannot make it zero (because terms of the commuta-
tor have di�erent nature). In the material system the
internal force will continue to act even without exter-
nal actions. The further deformation (torsion) will go
on. This leads to a change of commutator of the met-
ric form, produces a change of the exterior form and
its commutator and so on. A process of selfvariation
of the commutator that governs by nonidentic evolu-
tionary relation speci�es a change of the external force
and selfvariation of nonequilibrum state of the materi-
al system. At this point it should be emphasized that
such selfvariation of the state of material system pro-
ceeds under an action of internal (rather then external)
forces and may go on even without action of external
forces. And a state of material system remains nonequi-
librum, and in actual physical process an internal force
could give rise to development of instability in the ma-
terial system. fFor example, this was pointed out in
works by Prigogine [19]. "The excess entropy" in his
works is analogous to a commutator of nonintegrable
form for thermodynamic system. "A production of ex-
cess entropy" leads to development of instabilityg . An
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internal force cannot continuously become equal to ze-
ro. The material system cannot continuously transform
into an equilibrum (without internal forces) state. How-
ever, in the material system an equilibrum state may be
locally realized if internal forces transform into poten-
tial ones. As an analyses of the evolutionary equation
shows, it is possible under additional conditions and it
corresponds to emergence of the physical structure.

6. A mechanism of origin of the
physical structure. (Degenerate
transformation)

For actual processes a di�erential of the form !p that
enters into the evolutionary equation (as well as the
commutator) is nonzero:

d!p 6= 0; (19)

i.e. the form !p is nonclosed. To the physical struc-
ture one has to assign a closed form on pseudostructure,
that is to say, that to the physical structure there corre-
sponds some di�erential d� . Such a di�erential may
be obtained from the evolutionary relation only if the
form !p is closed inexact one, in other words, if the
form is subjected to the conditions�

d�!p = 0
d� �!p = 0

; (20)

(in this case the form appears to be an interior di�eren-
tial of any form, namely !p = d�# . The evolutionary
relation becomes identical on the pseudostructure � ,
and a di�erential d�  = d� # , that corresponds to the
physical structure, can be determined from that rela-
tion).

A transition from the condition (19) to the condition
(20) that corresponds to origin of the physical structure
(and a transformation of internal forces into potential
ones) is possible only as the degenerate transform,
i.e. it is a transition which does not preserve a di�er-
ential. fAt this point it should be underlined that in
this case the degenerate transform is realized as a tran-
sition from the accompanying frame of reference to the
inertial oneg . Some additional condition has to cor-
respond to the degenerate transform. (A vanishing of
such functional expressions as Jacobians, determinants,
the Poisson brackets, and others may be regarded as ex-
amples of such conditions). Because the evolutionary
relation describes the material systems and coe�cients
of the form depend on properties of the material sys-
tem, then it is evident that a condition of the degen-
erate transform has to be caused by properties of the
material system. As an example, the system may have
any degrees of freedom. Namely, under realization of
any degree of freedom it may take place a redistribu-
tion between physical quantities (for example, between

energy and linear momentum) in such a way that they
become measurable simultaneously . Such degrees of
freedom may be translational ones, internal degrees of
freedom of elements of the system and so on.

Thus, the physical structure can arise, if, �rstly, the
material system undergoes nonconsistent external ac-
tions and a commutator of the form !p is nonzero.
And, secondly, if the material system has degrees of
freedom, i.e. there are conjugation conditions for the
exterior form !p . However, even if these conditions
are satis�ed, the physical structure appears only in the
case, when degrees of freedom of the system are re-
alized (in physical process), namely, the conditions of
conjugation are satis�ed. It may take place under self-
variation of the state of material system. And it may
be realized only spontaneously because it is caused by
internal (rather then external) reasons (degrees of free-
dom are characteristics of the material system and not
of external actions).

A creation of the physical structure is a transition
of a quantity that acts as internal force into a mea-
surable quantity that acts in the direction normal to
the pseudostructure as potential force . fAbove it was
poined out the duality of the closed form (as conser-
vative quantity and as potential force). This duality
has a physical meaning. The closed form as conserva-
tive quantity relates to the physical �eld. The object,
which is conservative quantity on the pseudostructure,
is an element of physical �eld. And the closed form
reveals as potential force with respect to the material
system. The potential force is an action of the forma-
tion originated (see below) on elements of the material
system. The potential forces are described, for example,
by jumps of derivatives in the direction normal to the
characteristics, to the potential surfaces, and so on.g

The physical structure and some measurable quan-
tity that acts as potential force reveal as a new mea-
surable and observable formation that spontaneously
arises in the material system. fFluctuations, pulsa-
tions, waves, vortices, massless particles are examples
of such formationsg . In the physical process this for-
mation spontaneously extracts from the local domain
of material system and so it allows the local domain of
material system to get rid of internal force and come
into locally balanced state. A formation, that has been
created in some local domain of the material system
and liberated from that, begins to act on the neighbor-
ing local domain as a potential force (this forcing was
created by system in itself, and therefore this is poten-
tial forcing (rather then arbitrary one). The neighbor-
ing domain of material system works over this action,
which appears to be external for it. If in the process
the conditions of conjugation turn out to be satis�ed
again, then the neighboring domain create a formation
of its own. In such a way the formation can move rel-
ative to material system. A velocity of moving relative
to material system is not a parameter of the system,
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but this is some quantity that is realized at every time
as the conjugation condition. If the material system is
homogeneous one, then a velocity will have the same
values (but this is not a constant because it anew arise
at every point of time of the evolutionary process). The
speed of sound, the speed of electromagnetic waves, the
speed of light are formatted in such a way. It is evident,
that a velocity of moving relative to material system is
de�ned by internal properties of the system. (As ex-
ample, the speed of sound a : a2 = (d p=d �)s , where
the pressure p and density � are characteristics of the
material system and the subscript s means a constancy
of entropy).

7. Characteristics of a formation
originated: intensity, spin, absolute
and relative speeds of propagation
of the formation. (Characteristics of
exterior and dual forms, value of
commutator of the nonintegrable
form, properties of the material
system)

As a formation originated is a result of transition of
nonmeasurable quantity, which is described by the com-
mutator (and acts like internal force), into measurable
quantity (potential force), then it is evident that an in-
tensity of the formation originated is de�ned by a quan-
tity, which was stored by the commutator of the nonin-
tegrable form at the moment of its appearing. And the
�rst term of the commutator that formatted by mixed
derivatives of the form coe�cients governs an intensity
of the formation, whereas the second term that speci�es
a deformation of the accompanying manifold (bending,
torsion, curvature) is �xed as any internal characteris-
tics of the formation originated. Spin is an example of
such a characteristics, and a value of spin depends on
degree of the form. An integrating direction, i.e. pseu-
dostructure that is de�ned by the dual form, determines
an absolute speed of propagation of the formation orig-
inated (it is a speed in the inertial frame of reference).
The speed of propagation relative to the material sys-
tem (a speed in the accompanying frame of reference),
as examples of that are speed of sound, speed of light,
speed of electromagnetic waves and so on, is de�ned by
the conjugation conditions, i.e. by degrees of freedom
of the material system.

In such a way the following correspondence is estab-
lished:

1) an intensity of the formation (potential force) is
a value of the �rst term in the commutator of noninte-
grable form at the instance of formation creation;

2) spin is the second term in the commutator that is
connected with the metric commutator;

3) a preserving quantity (a charge) is the exterior

form that has been realized;

4) an absolute speed of propagation of the formation
arisen (a speed in the inertial frame of reference) is the
integrating direction{pseudostructure{dual form;

5) a speed of propagation relative to the materi-
al system (the speed of sound, the speed of light, the
speed of electromagnetic wave) is a speed in the ac-
companying frame of reference{conjugation conditions{
additional conditions connected with properties of the
material system.

8. A formation of pseudometric and
metric spaces. (An integration of
the nonidentical evolutionary
relation)

An analyses of integrability of the nonidentical evolu-
tionary relation explains a process of formation of pseu-
dostructures and thereby make more evident a mecha-
nism of formation of pseudometric and metric space.

As it is known, the closed form is a di�erential (ex-
terior or interior) of the form of one less degree. This
connection enables one to carry out an integration of
the closed form and proceed to the form of one less
degree. Such transitions are possible only in identical
relations. It may be shown that an integration and
transitions with lowering the form degree are allowed
in nonidentical relations (nonintegrable forms) as well
but only in the case of degenerate transforms. Under
a degenerate transform on the pseudostructure it may
be obtained the identical relation that can be integrat-
ed and it enables one to get a relation with the forms
of one less degree. The relation obtained turns out to
be nonidentical as well. By integration (under realiza-
tion of relevant degenerate transform) the nonidentical
evolutionary relation with forms of degree p , one may
successively obtain nonidentical relations with forms of
degree k , where k takes values from p to 0. At each
transition the closed forms on the pseudostructure of
sequent degrees k = p; k = p � 1; :::; k = 0 are for-
matted, and this indicates a creation of the physical
structures of relevant type. A transition to the exact
form of zero degree corresponds to a creation of some
element of the material system (massive particle with
internal structure). fSo called \spontaneous violation
of the symmetry" is an example of such a transitiong .

To a creation of the physical structures we put in-
to correspondence a formation of the pseudostructures
with a dimension which depends on the space dimen-
sion. It may be shown that under a generation of closed
forms of sequent degrees k = p; k = p � 1; :::; k = 0
the pseudostructures of the dimensions (n + 1 � k):
1; :::; n+ 1 are obtained (here n is a dimension of the
initial inertial space). fWhen deriving the evolution-
ary relation two frames of reference were used. The �rst
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system is inertial one which is connected with the space
where the material system situates and is not directly
connected with the material system. This is an iner-
tial space, it is the metric space. The second frame of
reference is proper one, it is connected with accompa-
nying manifold which is not metric manifoldg . When
proceeding to the exact closed form of zero degree the
metric structure of the dimension n + 1 is obtained.
As a result we get that under in
uence of nonconjugate
external forcing (and if there are degrees of freedom)
the material system can transform the initial inertial
space of the dimension n into a space of the dimension
n+ 1. fIn the initial space of degree 0 it may be for-
matted a space of the dimension 1 (such a space may
be a time). And in space of the dimension 1 it may be
formatted a space of the dimension 2 (time and space
coordinate) and so on. Every material system has their
proper time. In particular, this approach explains how
the proper time is formatted). In the initial space of the
dimension 3 it may be formatted a space of the dimen-
sion 4 (time and three space coordinates). Such a space
can be convoluted and a new dimension may happen to
be nonrealizable. Thus, the cycle ends and a new cycle
may begin (this corresponds to that one system may be
embedded into the other one). A mechanism of forma-
tion of the pseudostructures and the metric structures
can explain, in particular, how the internal construction
of elements of the material system is formattedg . So
it can be seen that the inertial spaces are not absolute
spaces where actions are developed, but they are spaces
generated by the material systems. A mechanism of
formation of the pseudostructures is at the basis of cre-
ation of the pseudometric spaces and of their transition
into the metric spaces. (In Appendix 6 a formation of
pseudoriemann and Riemann's spaces are considered,
and conditions of a derivation of the Einstein equation
are analyzed).

It may be shown that equations of the characteris-
tic surfaces, potential surfaces (simple or double layer),
residue equation and others obtained from the equa-
tions of the mathematical physics are the equations
of the pseudostructures. As the equations for pseu-
dostructure there serve the eikonal equation (the pseu-
dostructure is the level surface, on that the conservative
physical quantity is de�nded as it follows from proper-
ties of the closed inexact form). fIn the works [15, 32] it
was shown a connection of equations for single, double,
... eikonals with the equations of the characteristics,
Hamilton equations and so on.g

9. Classi�cation of the physical
structures. (Parameters of closed
exterior and dual forms)

To obtain the physical structures of given physical �eld
it is necessary to consider the material system which

corresponds to this �eld. In particular, to obtain the
thermodynamic structures (
uctuations, phase transi-
tions, etc) one has to analyze the evolutionary rela-
tion for the thermodynamic systems, to obtain the gas
dynamic ones (waves, jumps, vortices, pulsations) he
has to employ the evolutionary relation for gas dynam-
ic systems, for electromagnetic �eld he must employ a
relation obtained from equations for charged particles.
Maybe, the physical vacuum is an analogue to such ma-
terial system in the case of elementary particles. fSome
concrete relations are presented in Appendices (2)-(4)g .

The closed forms that correspond to physical struc-
tures are generated by the evolutionary relation hav-
ing parameter p which de�nes a number of interact-
ing balance conservation laws. Therefore, the physical
structures can be classi�ed by the parameter p . The
other parameter is a degree of the closed forms. As it
was shown above, the evolutionary relation of power p
may generate the closed forms of degree 0 � k � p .
Therefore, the physical structures can be classi�ed by
the parameter k as well. The closed exterior forms of
the same degree realized in spaces of di�erent dimen-
sions prove to be distinguishable because a dimension of
the pseudostructures, on which the closed forms are de-
�ned, depend on the space dimension. As a result, the
space dimension also speci�es the physical structures.
This parameter determines properties of the physical
structures rather then their type.

Hence, from the analyses of the evolutionary rela-
tion one can see that a type and properties of the phys-
ical structures (and accordingly of physical �elds) for
a given material system depend on a number of inter-
acting balance conservation laws p , on the degree of
realized closed forms k , and on a space dimension. By
introduction a classi�cation with respect to p , k , and
a space dimension we can understand an internal con-
nection of various physical �elds and interactions (see
Appendix 5).

10. Conclusions

Thus, the mathematic tool that bases on properties of
nonintegrable exterior di�erential forms enables one to
understand a role of the conservation laws in the evo-
lutionary processes and disclose a mechanism of forma-
tion of the physical �elds. Because of nonconsistence of
the external e�ects the balance conservation laws (en-
ergy, linear momentum, angular momentum, and mass)
for the material systems prove to be noncommutative
(it follows from the nonidentity of the evolutionary re-
lation obtained from equations of the balance conserva-
tion laws). And then, because of noncommutativity of
the balance conservation laws, a state of the material
system turns out to be nonequilibrum, and this is the
cause of the evolutionary process (a value of the inter-
nal force is determined by a commutator of the noninte-
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grable form that enters into the evolutionary equation).
Under some additional conditions that are determined
by properties of the material system and realized in
the physical processes, it is possible a conjugation of
the balance conservation laws (a degenerate transform
corresponds to this case), and it is an indicator of a cre-
ation of the physical structures (transformation of in-
ternal forces into potential ones). And in the material
system this reveals as arising some measurable forma-
tions: 
uctuations, pulsations, waves, vortices, parti-
cles and so on (characteristics of formations arisen are
determined by ones of the nonintegrable exterior forms,
their commutators and conjugation condition as well as
by characteristics of the closed exterior forms and dual
forms).

It was shown that the physical structures which con-
stitutes the physical �elds are generated by the material
systems. This process is accompanied with a formation
of the pseudometric and metric spaces, and the conser-
vation laws govern this processes.

At this point it worth underline that, in spite of
these results are qualitative ones, they can help while
studying the evolutionary processes in the concrete ma-
terial systems and while investigation of concrete physi-
cal �elds and their formations (see Appendices (2)-(6)).

The mathematical theory that explains the evolu-
tionary process in the material systems and a mecha-
nism of formation of the physical �elds may be regard-
ed as the basis of the qualitative evolutionary theory of
�elds. An investigation carried out allows to conclude
that axioms provided the basis of the existing theories
are the conjugation conditions of the balance conserva-
tion laws for the material systems, which generate the
physical �elds. fIt worth emphasize that we used a
mathematic tool which bases on properties of the non-
integrable exterior di�erential forms, i.e. forms
de�ned on the nondi�erentiable manifolds. A specif-
ic property of these forms is a presence of nonidenti-
cal relations and degenerate transforms (a transition
from the accompanying frame of reference to the iner-
tial one)g .

Appendix 1

Exact conservation laws as the basis of existing
�eld theories. (Closed exterior forms in �eld
theory)

As the closed exterior di�erential form corresponds to
the conservation laws for physical �elds and potentials,
they may be exploited for description of physical �elds.
A dependence of properties of exterior and dual to them
forms on a degree of the form, space dimension, com-
plex exterior and interior structure of the forms, various
conditions and manners of conjugation provide a diver-
sity of physical structures that format physical �elds. It

may be shown that essentially all physical theories that
describe physical �elds are based on operators which
are reduced to operators acting on the closed exterior
forms. If in addition to the exterior di�erential d to
introduce operators: 1)� for an operator that takes the
form of degree (p+1) to that of degree p , 2) �0 for an
operator of cotangent transforms, 3)� for the trans-
form d �� � d , 4) �0 for the transform d �0� �0 d , then
the operators of �eld theory that act on the di�eren-
tial forms can be written in terms of these operators.
The operator � corresponds to Green's operator, the
operator �0 corresponds to the operator of canonical
transform, � does to the d'Alembert operator in the
4-dimension space, and � corresponds to the Laplace
operator [10, 14]. Eigenvalues of these operators re-
veal themselves as conjugation conditions for elements
of the di�erential forms. In the tensor equations the
skew symmetric tensors correspond to the closed forms.

All existing �eld theories are based on the exact
conservation laws. The essence of these theories are
invariant and metric properties of the closed exterior
di�erential forms that correspond to the exact conser-
vation laws. (In particular, it may be veri�ed that equa-
tions of existing �eld theories are those that have so-
lutions being the closed or dual to them forms). Into
all existing �eld theories there were introduced supple-
mentary conditions of invariance or covariance which
appears to be the closure conditions for the exterior
or dual forms. Essentially all existing �eld theories
contain elements of noninvariance, i.e. they are based
either on functionals that are not identical invariants
(such as Lagrangian, action functional, entropy) or on
equations (di�erential, integral, tensor, spinor, matrix
and so on) that have no identical invariance (integra-
bility or covariance). Such elements of noninvariance
are, for example, nonzero value of the curvature tensor
in the Einstein theory [20], the indeterminacy principle
in the Heisenberg theory, the torsion in the theory by
Weyl [20], the Lorentz force in electromagnetic theo-
ry [21], an absence of the general integrability of the
Schr}odinger equations, nonmetric cross-sections in the
Yang-Mills theory, the Lagrange function in the varia-
tional methods, an absence of the identical integrability
on equations of the mathematical physics and that of
identical covariance of the tensor equations, and so on.
Only if we assume elements of noncovariance, we can
obtain the closed inexact forms. Precisely such closed
forms can correspond to the physical structures that
constitute the physical �elds.

However, the existing �eld theories are invariant
ones because they are provided with additional con-
ditions, i.e. the conjugation conditions under which
the invariance or covariance requirements have to be
obeyed. Examples of such conditions may be the iden-
tity relations: canonical relations in the Schr}odinger
equations, gauge invariance in electromagnetic theo-
ry, commutator relations in the Schr}odinger theory,
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Christo�el's coe�cients of connectivity and identity re-
lations by Bianchi in the Einstein theory, cotangent
bundles in the Yang-Mills theory, the Hamilton func-
tion in the variational methods, the covariance condi-
tions in the tensor methods, the characteristic relations
(integrability conditions) in equations of mathematical
physics, etc. It can be shown that these invariance
conditions are that of closure for the exterior or dual
forms.

As all existing �eld theories are subjected to the in-
variance conditions, equations of these theories have
only invariant solutions, i.e. those that can be ex-
pressed in terms of the closed or dual to them forms
and correspond to physical �elds. Possible noninvariant
solutions, that may be realized if the invariance condi-
tions are not imposed, are not accounted for. From this
standpoint it needs to be recognized two types of equa-
tions or methods of invariant �eld theory. A principal
distinction of these two types consists in the following.
One type has only invariant solutions, the other one,
if the invariance conditions to be omitted, may have
noninvariant solutions (functionals) that have a phys-
ical sense. Equations of the tensor, spinor, matrix or
variational forms, the group theory methods, the trans-
formation theory, theory of symmetries, the bundle the-
ory can be assign to the �rst type. To the second type
we may relate the so-called equations of mathematical
physics, namely, di�erential and integral equations that
describe physical processes. As it will be shown lat-
er, noninvariant solutions to the second type equations
play a governing role in description of a mechanism of
the physical structure creation. At the same time, just
equations and methods of the �rst type (equations by
Maxwell, Schr}odinger, Dirac, Einstein, �eld theory by
Yang-Mills, the group theory, theory of symmetries and
so on) allow one to discover a great variety of physical
structures, describe physical �elds, and understand reg-
ularities of the physical world.

The �eld theories that are based on the exact conser-
vation laws allow to describe the physical �elds. How-
ever, because these theories are invariant ones they can-
not answer the question about a mechanism of creat-
ing physical structures which format the physical �elds.
The answer may be done only by theory where the clo-
sure conditions of the forms were not introduced. These
conditions have to be realized by themselves without ex-
ternal forcing. A realization of such conditions means a
creation of the closed form, and it will correspond to the
conservation law and point to appearance of the phys-
ical structure. It is evident that an answer to a ques-
tion concerning a mechanism of creation of the physical
structures may be given only by the evolutionary theo-
ry. As it was shown above, such a theory is the evolu-
tionary theory which bases on the balance conservation
laws for the material systems.

Appendix 2

Analyses of principles of thermodynamics

The thermodynamics is based on the �rst and second
principles of thermodynamics, which were introduced
as postulates [22]. Let us show that the �rst principle of
thermodynamics follows from the balance conservation
laws for energy and linear momentum and is valid for
the case when the heat in
ux is the only external action.
It appears to be nonidentical relation, and it points out
that the balance conservation laws are noncommutative
and a state of thermodynamic system is nonequilibrum
one. The second principle of thermodynamics with the
equality sign is obtained from the �rst that under a
realization of the integrability condition, when a role
of the integrating factor plays the temperature, and it
corresponds to a locally equilibrum state of the system
while the temperature is realized. The second principle
of thermodynamics with the inequality sign takes into
account a presence of some actions other than the heat
in
ux.

As it is well known, the �rst principle of thermody-
namics can be presented in the form

dE + �w = �Q;

where dE is a change of energy of the thermodynamic
system, �w is a work done by the system (this means
that �w is expressed in terms of the system parame-
ters), �Q is an amount of heat putted into the system
(i.e. external action on the system). As the term �w
has to be expressed in terms of the system parameters
and it speci�es a real (rather then virtual) change, then
it can be designated by dw , and hence, the �rst prin-
ciple of thermodynamics will take the form

dE + dw = �Q: (1)

What is a di�erence between the �rst principle of
thermodynamics and the balance conservation laws?
The balance conservation law for thermodynamic sys-
tem can be written as

dE = �Q + �G; (2)

where by �G we designate energetic actions with the
exception of heat in
ux. For thermodynamic system
the balance conservation law for linear momentum (a
change of linear momentum of the system in its depen-
dence on the force mechanical action on the system)
can be written as

dw = �W: (3)

Here �W signi�es a force (mechanical) action on the
system (for example, external compression of the sys-
tem, an in
uence of boundaries and so on).
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If to sum relations (2) and (3), then one obtains the
relation

dE + dw = �Q + �G + �W; (4)

which is just the evolutionary relation for the thermo-
dynamic system.

By comparison the relation (4), that follows from
the balance conservation laws for energy and linear mo-
mentum, with the relation (1), one can see that they
coincide if the heat in
ux is the only external action on
the thermodynamic system (�W = 0 and �G = 0).

Thus, the �rst principle of thermodynamics is ob-
tained from the balance conservation laws for energy
and linear momentum. This is analogous to the evolu-
tionary relation.

The signi�cance of the �rst principle of thermody-
namics, as well as of the evolutionary equation, is that
it reveals a nature of interactions of two balance con-
servation laws (rather then it only corresponds to the
conservation law for energy). As �Q is not a di�erential
(closed form) then the relation (1), which correspond to
the �rst principle of thermodynamics, as well as the evo-
lutionary equation appear to be the nonidentical nonin-
tegrable relation. This points to the noncommutativity
of the balance conservation laws (for energy and linear
momentum) and to nonequilibrum state of the thermo-
dynamic system. As it follows from the analyses of the
evolutionary relation, a transition to the locally equili-
brum state has to correspond to the realization of addi-
tional condition (i.e. the integrability condition) under
which this relation turns out to be identical one. Such
an identical relation is just a relation which corresponds
to the second principle of thermodynamics.

Let us consider the case when the work performed
by the system is carried out through the compression.
Then dw = p dV (here p is the pressure and V is the
volume) and dE + dw = dE + p dV . As it is known,
the form dE + p dV can become a di�erential if there
is the integrating factor (a quantity which depends on-
ly on the characteristics of the system) 1=� = pV=R
which is named as the thermodynamic temperature T
[22]. In this case the form (dE + p dV )=T turns out to
be a di�erential (interior) of some quantity that referred
to as entropy S :

(dE + p dV )=T = dS; (5)

(although the form dE + p dV consists of di�erentials,
in the general case without the integrating factor it is
not a di�erential because of that its terms depend on
di�erent variables, namely, the �rst term is determined
by variables that speci�es the internal construction of
elements, and the second term depends on variables
that specify an interaction between elements, for ex-
ample, a pressure). If the integrating factor 1=� = T

to be realized, that is, the relation (5) proves to be sat-
is�ed, then from the relation (1), which corresponds to
the �rst principle of thermodynamics, it follows

dS = �Q=T: (6)

This is just the second principle of thermodynamics for
reversible processes. It takes place when a heat in
ux is
the only action on the system. If besides the heat in
ux
the system undergos any mechanical forcing �W (for
example, an in
uence of boundaries), then according
to the relation (4) from the relation (5) we obtain

dS = (dE + p dV )=T = (�Q+ �W + �G)=T (7)

from which it follows, that

dS > �Q=T (8)

which corresponds to the second principle of thermody-
namics for irreversible processes.

The relations (6), (8) which can be written as

dS � �Q=T; (9)

express the second principle of thermodynamics. (It is
well to bear in mind that the di�erentials in the rela-
tions (5), (6), (8), (9) are not total ones. They are sat-
is�ed only in presence of the integrating factor, namely,
the temperature which depends on the system param-
eters).

Thus, the �rst principle of thermodynamics is ob-
tained from the balance conservation laws for energy
and linear momentum, and the second principle of ther-
modynamics does from the �rst one. The second prin-
ciple of thermodynamics with the equality sign follows
from the �rst principle under the ful�llment of the con-
dition of integrability, i.e. a realization of the integrat-
ing factor (temperature). (This transition corresponds
to that from the nonequilibrum state to the locally equi-
librum state. Phase transitions, the origin of 
uctua-
tions, etc are examples of such transitions). And the
second principle of thermodynamics with the inequality
sign takes into account a presence in the real processes
other actions besides the heat in
ux.

In the case examined above a di�erential of entropy
(rather then entropy itself) becomes the closed form.
fIn this case entropy manifests itself as the thermo-
dynamic potential, namely, the function of state. To
the pseudostructure there corresponds the state equa-
tion which determines the temperature dependence on
the thermodynamic variablesg . For entropy to be the
closed form itself, a one more condition has to be re-
alized. Such a condition may be a realization of the
integrating direction, an example of that is the sound
speed: a2 = @p=@� = 
 p=� . In this case it is valid
the equality ds = d(p=��) = 0 from which it follows
that entropy s = p=�� = const is the closed form (of
zero degree). fBut it does not mean that a state of the
gaseous system is identically isoentropic one. Entropy
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is constant only along the integrating direction (for ex-
ample, on the adiabatic curve or on the front of sound
wave), whereas in the direction being normal to the in-
tegrating direction the normal derivative of entropy has
a breakg .

It worth underline that both temperature and the
sound speed are not continuous thermodynamic vari-
ables. They are variables which are realized in the ther-
modynamic processes if the thermodynamic system has
any degrees of freedom. One may see an analogy be-
tween temperature and the sound speed: temperature
is the integrating factor and the sound speed is the in-
tegrating direction. fNotice that in actual processes a
total state of the thermodynamic system is nonequili-
brum one and a commutator of the form dE + pdV
is nonzero. A quantity that is described by commuta-
tor and acts as internal force may grow. Prigogine [19]
de�ned this as the "production of the excess entropy".
Just this increase of the internal force is perceived as
the growth of entropy in the irreversible processesg .

The closed static system, if left to its own devices,
may tend to a state of total thermodynamic equilibrum.
This corresponds to tending of the system functional to
its asymptotic maximum. In the dynamical system the
tending of the system to a state of total thermodynamic
equilibrummay be violated by dynamical processes and
transitions to a state of local equilibrum.

Appendix 3

In
uence of noncommutativity of the balance
conservation laws on a development of
instability

A noncommutativity of the balance conservation laws,
that leads to the emergence of internal forces and an
appearance of the nonequilibrum, is a cause of develop-
ment of instability in the material systems. Hence, to
study a cause of development of instability, it is neces-
sary to examine the evolutionary relation obtained from
the balance conservation laws and analyze a commuta-
tor of the nonintegrable form entered into this relation.

For example, we take the simplest gas dynamical
system, namely, a 
ow of the ideal (nonviscous, heat
nonconductive) gas [23]. Suppose, that gas is the ther-
modynamic system in the local equilibrum (whereas
the gas dynamical system may be in the nonequilibrum
state). This means that the following relation is satis-
�ed [22]

Tds = de + pdV; (1)

here T , p and V are the temperature, the pressure,
and the gas volume respectively, s , e are entropy and
the internal energy per unit volume of the gas.

Let us introduce two frames of reference: the inertial
one, which is not connected with the material system,

and the accompanying system that is connected with
a manifold formatted by trajectories of elements of the
material system. (As examples these may be both Eu-
ler's and Lagrange's systems of coordinates).

In the inertial system of coordinates the Euler equa-
tions are the balance conservation laws for energy, lin-
ear momentum and mass of the ideal gas [16]. The
balance conservation law for energy of the ideal gas can
be written as

Dh

Dt
� 1

�

Dp

Dt
= 0;

where D=Dt is the total derivative with respect to time
(if to designate the spatial coordinates by xi and veloc-
ity components by ui , then D=Dt = @=@t+ui@=@xi),
h is the entalpy of the gas. Expressing the entalpy
in terms of the internal energy e with the help of the
formula h = e + p=� and using the relation (1) we
can reduce the equation of balance conservation law for
energy to the form

Ds

Dt
= 0: (2)

And respectively, the equation of balance conservation
law for momentum can be presented as [16, 24]

grad s = (gradh0�U�rotU+U�F+@U=@t)=T;(3)

where U is the velocity of the gas particle, h0 =
(U �U)=2 + h , F is the mass force.

As the total derivative with respect to time is that
along the trajectory, then in the accompanying frame
of reference the equations (2), (3) take the form:

@s

@�1
= 0; (4)

@s

@��
= A� ; � = 2; ::: ; (5)

where �1 is the coordinate along the trajectory, @s=@��

is the left-hand side of the equation (3), and A� is
obtained from the right-hand side of the relation (3).
fIn the common case when gas is nonideal the equation
(2) can be written in the form

@s

@�1
= A1; (6)

where A1 is the expression which depends on the ener-
getic actions. In the case of ideal gas A1 = 0 and the
equation (6) transforms into (4). In the case of viscous
heat-conductive gas, described by a set of the Navier-
Stokes equations, in the inertial coordinate system can
be written in the form [16]

A1 =
1

�

@

@xi

�
�qi
T

�
� qi
�T

@T

@xi
+
�ki
�

@ui
@xk

: (7)
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Here qi is the heat 
ux, �ki is the viscous stress tensor.
In the case of reacting gas there are added additional
terms connected with the chemical nonequilibrum.

The equations (4) and (5) can be convoluted into
the equation

ds = !; (8)

where ! = A�d�
� is the di�erential form of the �rst

degree (here � = 1; � ).
The relation (8) is the evolutionary relation for the

gas dynamical system (in the case of the local thermo-
dynamic equilibrum). Here  = s . fIt worth notice
that in the evolutionary relation for the thermodynam-
ic system it is examined a dependence of entropy on
the thermodynamic variables (see the relation (1)), but
in the evolution relation for the gas dynamical system
the entropy dependence on the space-time variables is
consideredg . If the relation (8) be identic one (if the
form ! be the closed form, i.e. a di�erential), then one
can obtain di�erential of entropy s and �nd entropy as
a function of space-time coordinates. Just this entropy
will be the gas dynamical function of state, a presence
of which will point to that a state of the gas dynamical
system is locally equilibrum. And if the relation (8) will
not be identical, then the di�erential of entropy cannot
be de�ned a di�erential of entropy s . This will point to
an absence of the gas dynamical function of the state
and nonequilibrum state of the system. Such nonequi-
librum is a cause of a development of instability.

Because of that nonequilibrum is produced by inter-
nal forces which are described by a commutator of the
form ! , then it becomes evident that a cause of the gas
dynamical instability is something that contributes to
a commutatior of the form ! . Without an accounting
for terms which are connected with a deformation of
the manifold formatted by trajectories, the commuta-
tor can be written as

K1� =
@A�
@�1

� @A1

@��
: (9)

From the analyses of the expression A� and with
taking into account that A1 = 0, one can see, that in-
to commutator there contribute terms which are related
to the multiple connectivity of the 
ow domain (the sec-
ond term of the expression for A� ), nonpotentiality of
the external forces (the third term) and a nonstation-
arity of the 
ow (the forth term). fIn the general case
the terms connected with the transport phenomena and
the physical and chemical processes contribute to the
commutator (9)g . These factors lead to the origin of
internal forces, to nonequilbrum state and to the devel-
opment of instability of various kinds. And yet for ev-
ery kind of instability one can �nd an appropriate term
in the commutator of the nonintegrable form, which
is responsible for this kind of instability. fUnder this
process it is also necessary to consider the evolution-
ary relations which the balance conservation laws for

angular momentum and mass correspond tog . Thus,
there is an unambiguous connection between a kind of
instability and the terms that contribute into the com-
mutator of the nonintegrable form in the evolutionary
relation.

As it was shown, under the realization of the addi-
tional degrees of freedom, a development of instabili-
ty may lead to origin of the physical structures when
the internal forces transform into the potential ones.
Such gas dynamical structures are shocks, shock waves,
turbulent pulsations and so on. Additional degrees of
freedom are realized as the condition of the degener-
ate transform, namely, vanishing of determinants, Jaco-
bians of transforms, etc. For example, such conditions
are justi�ed either on characteristics (determinant of
coe�cients at the normal derivatives vanishes), or at
the singular points (Jacobian is equal to zero) on the
envelop of the characteristics of the Euler equations, or
at the singular points of the Navier-Stokes equations
(when the viscous gas is considered).

Let as analyze what kinds of instability and what
gas dynamical structures may originate under given
forcing.

1). Shock, break of diaphragm and others. The in-
stability originates because of nonstationarity. The last
term in the equation (3) gives a contribution into the
commutator. In the case of ideal gas, whose 
ow is
described by equations of the hyperbolic type, a tran-
sition to the locally equilibrum state is possible on the
characteristics and their envelops. The corresponding
structures are weak shocks and shock waves.

2).Flow around bodies by ideal (unviscous, thermal
unconductive) gas. Action of the nonpotential body
forces. The instability develops because of the multiple
connectivity of the 
ow domain and the nonpotentiality
of the body forces. A contribution into the commutator
has come from the second and third terms of the right-
hand part of the equation (3). As the gas is ideal one
and @s=@�1 = A1 = 0, that is there is no contribution
into every 
uid particle, then the instability of convec-
tive type develops. For U > a (U is the velocity of
the gas particle, a is the speed of sound) a set of equa-
tions of the balance conservation laws belongs to the
hyperbolic type and hence a transition to the locally
equilibrum state is possible on the characteristics and
the envelops of characteristics as well, and weak shocks
and shock waves are the structures of the system. If
U < a when the equations are of elliptic type, such
a transition is possible only at singular points. The
structures, originated because of the convection, are
of the vortex type. Under long forcing the large-scale
structures can be produced.

3. Boundary layer. The instability originates be-
cause of the multiple connectivity of the domain and
the transport phenomena (an in
uence of viscosity and
thermal conductivity). Contributions into the commu-
tator produce the second term in the right-hand part of
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the equation (3) and the second and third terms in the
expression (7). A transition to the locally equilibrum
state is allowed at the singular points. As in this case
@s=@�1 = A1 6= 0, that is, forcing acts on every gas
particle singly, then a development of instability and
transitions to the locally equilibrum state are allowed
only in single 
uid particle. Hence, the structures orig-
inated behave as pulsations. These are the turbulent
pulsations.

In worth notice that separating of some formation
from the local domain is accompanied by a production
of the discontinuous surfaces (the contact discontinu-
ities). Unlike shocks and shock waves these discontinu-
ities do not propagate relative to the material system.

Appendix 4

Electromagnetic �eld

We will show how it may be obtained the evolutionary
relation for the system which generates the electromag-
netic �eld and what are speci�c features of this relation.

As it is known [8], the electromagnetic �eld can
be presented by some 2-form and its dual one. The
Maxwell equations appear to be reduced to that the
both forms are closed forms. Let us analyze when the
closure conditions are satis�ed.

If to utilize the Lorentz force F = �(E + [U�H]=c),
then a local variation of energy and linear momentum
of the charged substance may be written respective-
ly as [17]: �(U �E), �(E + [U�H]=c). Here E ;H
are respectively the electric and magnetic strengths of
the �eld, � is the charge density, U is the velocity of
the charged substance. These variations of energy and
linear momentum are caused by energetic and force
actions and are equal to values of these actions. If
to denote these actions by Qe , Qi , then the balance
conservation laws can be written as follows:

� (U �E) = Qe;

� (E + [U�H]=c) = Qi: (1)

After elimination of the characteristics of the ma-
terial system (charged substance) � and U by appli-
cation of the Maxwell-Lorentz equations [17], the left-
hand sides of the equations (1) can be expressed only
through the strengths of the electromagnetic �eld and
then one can write the equations (1) in the form:

c divS = � @

@t
I + Qe; (2)

1

c

@

@t
S = G + Qi; (3)

where S = [E�H] is the Pointing vector, I = (E2 +
H2)=c , G = E divE + grad(E �E) � (E � grad)E +
grad(H �H) � (H � grad)H .

The equation (2) is widely utilized while description
of the electromagnetic �eld and a calculation of energy
and the Pointing vector. And the equation (3) does
not commonly be taken into account. Actually, the
Pointing vector S has to obey to two equations, which
can be convoluted into the relation

d = !; (4)

where 2-form d corresponds to the vector S and co-
e�cients of the form !2 (the upper subscript shows
a degree of the form) are the right-hand parts of the
equations (2), (3). It is just the evolutionary relation
for the system of charged particles that generates the
electromagnetic �eld.

From the equations (2), (3) or from the evolution-
ary relation one can �nd the Pointing vector as some
preservable measured physical quantity only if these
equations are conjugated ones, that is, if a commutator
formed by mixed derivatives (it is just a commutator of
the form !2 ) is equal to zero. And if the commutator
is nonzero, then the right-hand side is not a di�eren-
tial and the Pointing vector is some functional. Under
what conditions can the Pointing vector be formatted
as a measurable quantity?

Let us choose the local coordinates lk in such a way
that one direction l1 coincides with a direction of the
vector S . As this chosen direction coincides with a
direction of the vector S = [E�H] and hence is normal
to the vectors E and H , then one obtains that divS =
@s=@l1 , where S is the module of S . And in addition,
the projection of the vector G on the chosen direction
turns out to be equal to @I=@l1 . As the result, after
separating from the vector equation (3) its projection
on the chosen direction, the equations (2), (3) can be
written as

@S

@l1
= �1

c

@I

@t
� 1

c
Qe; (5 (5)

@S

@t
= c

@I

@l1
� cQ0i; (6)

0 = �G00 � cQ00i:

Here the prime relates to the direction l1 , double
primes do to the other directions. Under the condition
@l1=@t = c from the equations (5), (6) it is possible to
obtain a relation in the di�erential forms

@S

@l1
dl1+

@S

@t
dt = �

�
@I

@l1
dl1 +

@I

@t
dt

�
�(Qidt+Q0edl1):(7)

As the second brace in the right-hand side is not a dif-
ferential (the energetic and force actions have distin-
guished nature and cannot be conjugated), then one
can obtain a closed form only if the right-hand side
vanishes:�

@I

@l1
dl1 +

@I

@t
dt

�
� (Oi dt + Q0e dl1) = 0 (8)
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that is

@I

@t
= Q0e;

@I

@l1
= Qi: (9)

In this case dS = 0 and the module of the Pointing
vector S proves to be the closed form, i.e. a measurable
quantity. And the integrating direction (pseudostruc-
ture) will be

� @S=@t

@S=@l1
=

dl1
dt

= c: (10)

Thus, the constant c , that was introduced into the
Maxwell equations, is de�ned as the integrating direc-
tion. From the expressions (9) it is evident, that in this
case the local energetic and force actions on the ma-
terial system (charged substance) appear to be trans-
formed into the quantities of the electromagnetic �eld,
namely, energy and linear momentum of the electro-
magnetic wave that propagates with the light speed c ,
which value is de�ned by the condition (10). One can
see, that the constant c in the Maxwell equation is the
speed of the electromagnetic wave and it is de�ned as
the integrating direction.

Appendix 5

On interactions

As it was shown above, a type of the physical struc-
tures (and, accordingly, the physical �elds) generated
by the evolutionary relation depends on a degree of the
exterior forms p and k (here p is a degree of the nonin-
tegrable form of the evolutionary relation which is con-
nected with a number of the interacting balance con-
servation laws, and k is a degree of the closed form
generated by the evolutionary relation) and on a space
dimension n . By introducing the classi�cation by num-
bers p , k , n one may understand the internal connec-
tion of di�erent physical �elds and see a connection be-
tween interactions. It is re
ected in the table presented
below.

In the table names of the particles created are given.
Numbers placed near particle names correspond to the
space dimension. In the curly brackets the sources of
interactions are presented. In the lower row we point
out the massive particles created by interactions (the
exact forms of zero degree obtained by sequent inte-
grating of the forms of degree p correspond to these
particles). From the table one can see a correspondence
between the degree k of the closed forms being realized
and a type of interactions. Thus, k = 0 corresponds
to the strong interaction, k = 1 does to the weak one,
k = 2 corresponds to the electromagnetic interaction,
and k = 3 does to the gravitational interaction. As a
result, we obtain that a type of interaction and a type
of the created particles is de�ned by the degree (k ) of
the closed forms realized, and properties of the parti-
cles are governed by the degree (p) of the evolutionary

equation, namely, by a number of the interacting bal-
ance conservation laws, and the space dimension. The
last property is connected with that the closed forms
of equal degrees k , but obtained from the evolutionary
relations acting in spaces of di�erent dimensions n (the
values of p are di�erent), are distinguished as they are
de�ned on the pseudostructures of di�erent dimensions
(the dimension of the pseudostructure (n + 1� k) de-
pends on the dimension of the initial space n). For
this reason the realized physical structures with equal
degrees k of the closed forms are distinguishable. A
connection between a type of interactions and the con-
servation laws may be seen by a comparison of the �rst
and last columns. In the last column the interacting
balance conservation laws are pointed out. The arrows
show that the conservation laws presented in given cell
are added to that from lower cells. Notice that for k = 0
in the space of zero dimension there is no the momen-
tum. This manifests it self beginning with the space
of the dimension 1 (in the forms of degree k = 0 ener-
gy and momentum are formatted independently). For
k = 0 energy and momentum are nonconjugate. The
forms dual to them are respectively time and coordi-
nates (time and coordinates have di�erent nature be-
cause time is dual to energy and coordinates are dual to
linear momentum). Energy and time as well as linear
momentum and coordinate do not commutate within
the framework of the same form because they relate
to di�erent forms: exterior and dual ones. (The com-
mutative relations q̂p̂ � p̂q̂ = {�h re
ect this fact. The
left-hand side of the commutative relations is analogous
of the commutator value of the nonintegrable form of
zero degree, and the right-hand side is equal to its value
at the point in time of the realization of the closed zero
degree form, the imaginary unit points to the trans-
verse direction with respect to the pseudostructure).
The closed exterior form of degree k = 1 corresponds
to a conjugation of energy and momentum (for k = 1
energy and momentum prove to be the simultaneously
measurable quantities).

fIn the table a single cycle of formation of the
physical structures is presented. It contains four lev-
els to every of those it corresponds a proper value p
(p = 0; 1; 2; 3) and the space dimension n . The struc-
tures formatted in the preceding cycle serves as a source
of interactions for the �rst level of a new cycle. The
sequential cycles re
ect properties of the sequentially
embedded material systems. And some given level has
speci�c properties which are inherent in the same lev-
els of the other cycles. For example, it may be seen by
comparison of the cycle described and the cycle where
conductors, semiconductors, dielectrics and neutral el-
ements are sequentially correspond to the exact forms.
Properties of elements of the third level, namely, neu-
trons in one cycle and dielectrics in the other coincide
with those of the so-called "magnetic monopole" [25,
26]g .
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TABLE
interaction nn i+0 i+1 i+2 i+3 balance

knp 0 1 2 3 conserv.
laws

gravitation graviton
3 * felectron mass

+proton
+neutron
+photon
(neutrino
+quant)?

electro- photon 2 photon 3 angular
magnetic 2 * momentum

felectron+
proton+
neutrinog "
fquantg?

weak 1 neutrino 1 neutrino 2 neutrino 3 linear
* momentum
felectron
+quant g "

p = 0
strong 0 quant 0 quant 1 quant 2 quant 3 energy+

* muons? time
(quarks?) gluons? or p > 0

momentum
+coordin.

particles electron proton neutron deuteron ?
material exact
(nuclons?) forms

Appendix 6

A formation of the metric space

As it was shown above, a noncommutativity of the bal-
ance conservation laws and a transition from those to
the exact conservation laws explain a mechanism of ori-
gin of the physical structures. And as the origin of the
physical structures is connected with a formation of the
pseudostructures, then by analyzing a mechanism of
formation of the physical structures one can understand
a mechanism of formation of the pseudometric and met-
ric spaces. fRecall, that the inexact closed forms corre-
spond to the physical structures and pseudostructures.
and the exact forms correspond to elements of the ma-
terial system and to the metric spacesg . It is useful to
note some properties of the manifolds.

Assume, that on the manifold one can choose any
system of coordinates with the basis e� and to set up
the metric forms of manifold [20]: (e� e�), (e� dx�),

(d e�). The metric forms and their commutators de-
�ne metric and di�erential characteristics of manifold.
If the metric forms are closed (commutators are equal
to zero), then the metric g�� = (e�e�) is de�ned,
and the results of displacement over manifold the point
dM = (e�dx�) and a unit vector dA = (de�) are inde-
pendent of the path of displacement (the path of inte-
gration). The closed metric forms de�ne the structure
of the manifold, and the commutators of the metric
forms determine such characteristics of the manifold as
bend, torsion, curvature (if the commutators are nonze-
ro, then the results of displacement over manifold of a
point or the unit vector depend on the path of displace-
ment). An example of manifold with the closed metric
forms is the di�erentiable manifold whose metric and
di�erential characteristics prove to be consistent [10].

A role of the di�erential characteristics of the mani-
fold may play the connectivities [20] ���� , (�

�
�� �����),

R�
��� , which are components of a commutator of the

metric forms.
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As it is known [20], these commutators for the Eu-
clidean manifold are equal to zero. In the case of the
Riemann manifold the commutator of the metric form
of degree two is nonzero: R�

��� 6= 0.
If the exterior di�erential forms are de�ned on man-

ifolds whose metric forms are nonclosed, then, as it was
pointed out, the commutators of the metric forms will
enter into the commutators of the exterior di�erential
forms. In particular, components of the commutator
of the external form of degree one � = a� dx� can be
written in terms of connectivities as follows:

K�� =

�
@a�
@x�

� @a�
@x�

�
+ (���� � ����) a�: (1)

It is evident, that the commutator of the exterior
form consists of two terms. The �rst one (the �rst
parentheses) depends on coe�cients of the exterior
form, and the second term does on the di�erential char-
acteristics of the manifold. It is a typical feature for the
commutator of the exterior forms of other degrees as
well. Because of this feature the topologic properties of
commutators of the exterior forms are manifested: they
can realize a mutual relation between the exterior form
and the basis, namely, the metric form of manifold. The
other speci�c feature is that terms in the commutator
have the di�erent nature, i.e. one term depends on
coe�cients of the exterior form, and the other depends
on the basis. Such terms cannot be equal identically,
and hence they cannot make the commutator to be
zero. This means that the exterior forms, de�ned on
manifolds with nonclosed metric forms, turns out to
be nonclosed (such forms may be called nonintegrable
ones in contrast to the nonclosed forms de�ned on the
di�erentiable manifolds). The above mentioned prop-
erties of commutators of the exterior forms enable one
to understand a mechanism of formation of the metric
spaces. Note, that the material system is the generator
of the formatting metric space, and an accompanying
manifold is the base.

When derivation the evolutionary relation there
were used two spatial objects: the accompanying man-
ifold (connected with the material system) that has no
metric structure for real processes and the inertial space
(not connected with the material system) which is the
metric space. fNote, that the metric space formatted
becomes the inertial space of one more degreeg .

Assume that the initial inertial space has the di-
mension n = 3. The material system in such a space
is subjected to the balance conservation laws, which
equations in the accompanying frame of reference turn
out to be convoluted to the evolutionary relation with
p = n = 3:

d �= !3; d !3 6= 0: (2)

The form !3 is de�ned on the accompanying mani-
fold, and therefore this form is nonintegrable, that is, its

commutator is nonzero (a degree of the form  equals
2). fIn cosmology and the gravitation theory the equa-
tions of ideal 
uid are sometimes used [15, 17, 27]. In
essence, these equations are the balance conservation
laws. However, these equations commonly used in the
covariant form [27], that is, the covarince condition is
imposed. To study a process of formation of the pseu-
dometric and metric spaces it is necessary to employ
equations that are not subjected to the conditions of
invariance or covarianceg .

A realization of the pseudostructure (an element of
the pseudometric space) and an origin of the physical
structure, which the closed metric and exterior forms
correspond to, is the transition from the nonintegrable
form !3 to the closed form !03 (this is connected with
the degenerate transform). And it is required the fol-
lowing relations have to be satis�ed:

d� !
03 = 0;

d�
�! 03 = 0: (3)

In the present case a degree of the closed form is k =
p = 3, and a dimension of the pseudostructure is m =
n+1�k = p+1�k = 1. On the pseudostructure from
the evolutionary relation (2) it follows the relation

d�  = !03; (4)

which is identical one because the closed form !03 may
be expressed through the interior di�erential. From this
relation it can be de�ned the form d� which speci�es
a state of the system and may be referred to as the
structural form. (In the case under consideration this
is the form of degree 3). It corresponds to the conser-
vation law, because a di�erential of this form (interior
on the pseudostructure) is equal to zero.

A realization of the physical structure (connected
with an origin of the physical structure and that the
conservation law is ful�lled) is one of the exhibitions of
a mechanism of formatting the metric spaces. It worth
to underline that the pseudostructure is realized with
respect to the inertial frame of reference. (The degener-
ate transform corresponds to transition from the frame
of reference connected with the accompanying manifold
to the inertial coordinate system).

With the aim to be more clear we shall put the
tensor expressions into correspondence to the exterior
forms. We may put a tensor with p lower (covariant)
subscripts into correspondence to the external form of
degree p de�ned on the di�erentiable manifold. As it
is known, a di�erential of the form degree p on the dif-
ferentiable manifold is the form of degree p + 1. We
may put a tensor with p+ 1 lower subscripts into cor-
respondence to the di�erential of the form of degree p .
By analogy with this we put the tensor expression K�:::

into correspondence to a di�erential or to a commuta-
tor of the nonintegrable form. With this notation a
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commutator of the form !3 can be written as K��
� ,
where three �rst subscripts corresponds to a degree of
the form, and the fourth one appears while di�erentiat-
ing the form (from this point and further we shall use
the Greek subscripts for the accompanying frame of ref-
erence and Latin ones for the inertial that). A commu-
tator of the basic metric form which can be denoted by
R��
� enters into a commutator of the nonintegrable
form. We may put the covariant tensors of rank 3, Sjkl
and Tjkl , (its divergence is equal to zero as they cor-
responds to the closed forms) into correspondence to
the closed forms d� and !03 (that are formatted with
relevance to the inertial frame of reference). And to
the pseudostructure we may put into correspondence
the 1-covariant pseudotensor T i (it corresponds to the
closed metric form, i.e. pseudostructure), which is du-
al to the tensor Tjkl [15]: T i = �Tijk = 1

6"
ijkl Tjkl

(here "ijkl = eiejekel"ijkl , where "ijkl is the com-
pletely antisymmetric unit pseudotensor) can be put
into correspondence to the pseudostructure. Similarly,
by Si = �Sjkl denote the tensor dual to Sjkl . Now we
introduce the tensor expressions:

Sijkl =
n
Sjkl
Si

; Ti
jkl =

n
Tjkl
T i

: (5)

fThese tensor expressions are not tensors with covari-
ant and contravariant subscripts because, �rstly, they
combine tensors and pseudotensors, and secondly, in
these expressions one cannot rise up and lower sub-
scripts as the metric is not de�ned as yetg . The ten-
sor expression Sijkl is a representation of the physical
structure (it corresponds to the structure form on pseu-
dostructure), and the tensor expression Ti

jkl is a rep-

resentation of the forms !03 and �!03 (they correspond
to the external actions processed by the system).

With taking into account the relations (3), the re-
lation (4) can be written in terms of the tensor expres-
sions as

Sijkl = Ti
jkl: (6)

The relation (6) shows that the physical structure
(including the pseudostructures) are produced at the
expense of external actions processed by the system.

What is the further mechanism of formation of the
metric space?

While origin of the physical structure, a quantity,
which is described by a commutator of the noninte-
grable form !3 and acts as internal force, transforms
into potential force, which acts in the direction trans-
verse to the pseudostructure. (If a di�erential of the
form !3 be zero, that is, the commutators R��
� and
K��
� be equal to zero, then the potential force will
be equal to zero). This potential force becomes a new
source of noneqilibrum (even without the extra exter-
nal actions) and may lead to a further formation of the
pseudostructures.

As the relation (4) is the identical one, then it can
be integrated. Because the form !03 is closed, it is
the interior (on the pseudostructure) di�erential of the
form one degree less

!03 = d�!
2: (7)

From the relations (4), (7) it follows the relation (below,
for the sake of convenience, we shall indicate explicitly
a degree of the form  )

d�  
2 = d� !

2;

which can be integrated (within the accuracy up to the
lower degree forms):

 2 = !2: (8)

This is an integration of the nonidentical evolutionary
relation (2) over a single dimensionality which has been
formatted.

From the relation (7) one can see that a di�erential
of the form !2 is nonzero. The form !2 (of degree
p�1 = 2) proves to be nonintegrable form (its commu-
tator is nonzero) on the manifold directions remained
after integration. To the commutator of the form !2

it can be put into correspondence the tensor expres-
sion K�

�
� (three lower subscripts is a degree of the
exterior form plus 1, and a single top subscript is the
pseudometric dimension formatted). In this case the
basic commutator can be written in the form R�

�
� .
(If the Bianchi identity [20] is satis�ed, then from this
tensor it can be obtained the Riemann-Christo�el ten-
sor Gi

jkl which corresponds to the Riemann manifold.
However it takes place only after the pseudoriemann
and Riemann manifolds be completely formatted).

Here it appears some special feature. On the one
hand, the form !2 obtained turns out to be nonin-
tegrable one, and therefore, it cannot be expressed in
terms of di�erential. And on the other hand, the form
 2 in the left-hand side of the relation (8), for to be-
come the structural form, has to become the closed
form, namely, the di�erential:

 2 = d 1: (9)

By comparison of the relations (8) and (9), we get

d 1 �= !2; (10)

which cannot be identity as the form !2 is not ex-
pressed through di�erential.

The nonidentical relation (10) is the relation of the
type similar to the initial relation (2), however it is
the form of one less degree. We may repeat the anal-
ysis like for the relation (2) and get the pseudostruc-
ture of one more dimension. By sequent integrating
of the nonidentical relations we may obtain the pseu-
dometric space. The closed exterior forms of degrees
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p; p � 1; :::; 0, which are inexact, correspond to this
space. A transition to the exact form of zero degree
will correspond to a transition to the metric space.

With application of the tensor expressions these
transitions can be schematically written in the follow-
ing form:

d �= !3; d!3 6= 0 (K��
� 6= 0; R��
� 6= 0) (11)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m = 1

Sijkl = Ti
jkl; (12)

+d �= !2; !2 6= 0 : (K�
�
� 6= 0; R�

�
� 6= 0) (13)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m = 2

Sijkl = Tij
kl (14)

d �= !1; !1 6= 0 : (K��

� 6= 0; R��


� 6= 0) (15)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m = 3

Sijkl = Tijk
l (16)

d �= !0; !0 6= 0 : (K��

� 6= 0; R��


� 6= 0) (17)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
m = 4

Sijkl = Tijkl (18)

d �=
Z
!0; !0 6= 0 : (K��
� 6= 0; R��
� 6= 0) (19)

 = 0

The line (11) in this scheme corresponds to the non-
identic initial evolutionary relation (with the exterior
forms of degree 3). Here the inequality d!3 6= 0 is
written in terms of the tensor expressions for the com-
mutators: (K��
� 6= 0, R��
� 6= 0).

The dotted line corresponds to the degenerate trans-
form and to the transition from the nonidentic evo-
lutionary relation to the identic relation on the pseu-
dostructure of the dimension m = 1 (the line (12)), as
well as to the nonidentic relation of one less degree (the
line (13)). The line (12) contains the identic relation
in the tensor expressions (see, the relation (6)), which
corresponds to the identic relation (4) in the di�erential
forms.

Under the degenerate transform it is once more al-
lowed a transition from the nonidentic relation in the
line (13) to the identic relation on the pseudostructure
of the dimension m = 2 (the line (14)) and to the new
nonidentic relation (the line (15)). Similar transitions

can be realized under the degenerate transforms up to
the closed inexact forms of zero degree. The solid line
corresponds to the transition to the exact form.

A realization of the pseudostructures of dimen-
sions (1; :::; 4) and closed inexact forms of degrees
(3; :::; 0) (an origination of the physical structures
Sijkl; :::; S

ijkl ) correspond to formation of the pseu-
dometric manifold. A transition to the exact form
corresponds to a transition to the metric space.

And what can one say concerning the pseudorie-
mann manifold and the Riemann space?

As it is known, when deriving the Einstein equation
[28] it was supposed that the following conditions to be
satis�ed: the Bianchi identity is ful�lled, the connec-
tivity coe�cients are symmetric ones (the connectivity
coe�cients are the Christo�el symbols), and there is a
transformation under which the connectivity coe�cient
becomes zero. These conditions are those of realization
of the degenerate transforms for the nonidentical evo-
lutionary relations (13), (15), (17), (19). If the Bianchi
identities are satis�ed [20], then from the tensor expres-
sion R�

�
� the Riemann-Christo�el tensor Gi
jkl can be

obtained. To the tensor expression R��

� there corre-

sponds the commutator of the �rst order metric form
(���� � ����), from which under the conditions of sym-

metry of the connectivity coe�cients (�jlk � �jkl) = 0
the Ricci tensor can be found. To the tensor expression
R��

� there corresponds the connectivity ���� , from

which under the condition �jkl = f j
klg (the connectiv-

ity coe�cients are equal to the Christo�el symbols) it

can be obtained the tensor expression Sijkl , which cor-
responds to the Einstein tensor Skl = Gk

l � 1
2�

k
l G (the

tensors Gk
l and G are obtained from the Riemann-

Christo�el tensor with taking into account the symme-
try of the connectivity coe�cients). To Einstein's equa-
tion there corresponds the identity (16) that connects
the tensor expression Sijkl with the tensor expression

Tijk
l which corresponds to the energy-momentum ten-

sor. (It is well to bear in mind that the metric tensor
has not formatted as yet, and therefore the operation
of transfer of low and top subscripts with the help of
the metric tensor proves to be inapplicable). To the
tensor expression R��
� there corresponds the con-
nectivity coe�cients, which under a presence of the
degenerated transform vanish, and this corresponds to
a formation of the closed (inexact) metric form of zero
degree gkl = (ekel). However, at given stage this only
corresponds to formation of the pseudoriemann mani-
fold. A transition from the closed inexact form of zero
degree to the exact form of zero degree corresponds to
transition to the Riemann space.
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Appendix 7

Functional properties of solutions to the
di�erential equations. The �eld equation.
Transformations

While description of the physical processes by di�eren-
tial equation the following fact is essential. As to the
exact conservation laws there have to correspond the
closed forms, then to them may correspond only solu-
tions, whose derivatives constitute the closed form, i.e.
a di�erential. What conditions must the di�erential
equations satisfy to, for to have such solutions? Let
us trace this by the example of the �rst order partial
di�erential equation:

F (xi; u; pi) = 0; pi = @u=@xi: (1)

Let us consider the functional relation

du = �; (2)

where � = pi dxi . This relation is an analog to the
evolutionary relation, and in the general case this rela-
tion (as well as the evolutionary relation) proves to be
nonidentical. For this relation to be identical one, the
both parts of the relation have to be di�erentials, i.e.
the closed forms. To obey this condition, the commuta-
tor Kij = @pj=@xi � @pi=@xj of the form � = pidxi

has to be zero. However, from the equation (1) it does
not evidently follow, that the derivatives pi = @u=@xi ,
which obey to the equation (and given boundary or ini-
tial conditions of the problem), are conjugate, that is,
they made a commutator of the form � equal to zero.
In the general case without any supplementary condi-
tions a commutator of the form � is nonzero.The form
� = pi dxi proves to be nonclosed and is not a di�er-
ential unlike the left-hand side of the relation (2). The
functional relation (without supplementary conditions)
proves to be nonidentical. And as the derivatives of
the initial equation do not format a di�erential, then
the corresponding solution to the di�erential equation
u will not be a function of xi . It will depend on the
commutator of the form �, that is, it will be a func-
tional.

To obtain the solution, which is the function, it is
necessary to add a closure condition for the form � =
pidxi and for the form dual to that (in the present case
the functional F plays a role of the form dual to �)
[13]:�

dF (xi; u; pi) = 0
d(pi dxi) = 0

: (3)

If expand the di�erentials, then we get a set of the
homogeneous equations with respect to dxi and dpi
(in space of the dimension 2n { initial and tangential):��

@F
@xi + @F

@u pi
�
dxi + @F

@pi
dpi = 0

dpi dxi � dxi dpi = 0
: (4)

The solvability conditions for this set (a vanishing of
the determinant composed of the coe�cients at dxi ,
dpi ) have the form:

dxi

@F=@pi
=

�dpi
@F=@xi + pi@F=@u

: (5)

These conditions determine an integrating direction,
namely, a pseudostructure, on which the form � =
pi dxi turns out to be closed one, i.e. it becomes a dif-
ferential, and the relation (2) proves to be identity. If
the conditions (5), which may be called the integrabil-
ity conditions, are ful�lled, the derivatives constitute a
di�erential (�u = pidxi = du) and the solution be-
comes the function. Just such solutions (functions on
the pseudostructures) are so-called generalizated solu-
tions [29]. fAs the functions, which are the general-
izated solutions (distributions), are de�ned only on the
pseudostructures, then they have breaks of derivatives
in directions being transverse to the pseudostructures.
The order of derivatives, which have breaks, is equal to
a degree of the exterior form. If the form of zero degree
enters into the functional relation, then the function
itself will have the breaksg .

If to �nd the characteristics of the equation, then
it appears that the conditions (5) are the equations for
characteristics [30]. The characteristics are the pseu-
dostructures, on which the solutions prove to be func-
tions (generalized solutions). fThe coordinates of the
equations for characteristics are not identical to the in-
dependent coordinates in the initial equation (1). A
transition from coordinates of the initial space to the
characteristic manifold appears to be the degenerate
transform, namely, the determinant of the set of equa-
tions (4) becomes zero. The derivatives of the equation
(1) transfer from the tangent space to cotangent oneg .

A partial di�erential equation of the �rst order has
been analyzed, and the functional relation with the
form of the �rst degree has been considered. (At this
point it worth noting that for this equation one has to
write down and analyze the additional relation with the
zero-order form as well). Similar functional properties
have the solutions to all di�erential equations. And, if
the order of the di�erential equation is k , then to this
equation there corresponds (k+1) functional relations,
every of which contains the exterior forms of degrees:
k; k � 1; :::; 0. In a similar manner one can investigate
the solutions to a set of the di�erential equations and
the ordinary di�erential equations (for which the non-
conjugativity of the unknown functions and initial con-
ditions are examined). fAs it is known, the analyses
of the unstable solutions and the integrability condi-
tions provides the basis of the qualitative theory of the
di�erential equations. From the functional relation it
follows that to the instability it leads a dependence of
the solution on the commutator, and as the integrabili-
ty condition it serves the closure conditions of the form
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composed of derivatives. It is evident that an analyses
of the nonidentical functional relation lies at the basis
of the qualitative theory of the di�erential equationsg .

The functional properties of the di�erential equa-
tion play an essential role under description of the phys-
ical processes. It is clear, that to the conservation laws,
and hence, to the physical structures, there can cor-
respond only generalized solutions, whose derivatives
format the closed form. The solutions-functionals have
a physical sense as well. The solutions to the equations
of the balance conservation laws, which are functionals,
describe nonequilibrum states of the material system.
And a transition (under the degenerate transformation)
from the solution-functional to the generalized solution
(a transition from the nonintegrable form to the closed
one) corresponds to origin of the physical structure.

Because of that to the physical structures, which
format the physical �elds, there correspond the closed
forms, then only the equations with the additional con-
ditions (integrability conditions) can be the equations
of �eld theory.

Let us return to the equation (1). Suppose, that it
does not explicitly depend on u and it is solved with
respect to some variable, for example t , that is, it has
the form

@u

@t
+ E(t; xj ; pj) = 0; pj =

@u

@xj
: (6)

Then the integrability conditions (5) take the form (in
this case @F=@p1 = 1)

dxj

dt
=

@E

@pj
;

dpj
dt

= � @E
@xj

: (7)

The conditions (7) are known as the canonical re-
lations. (It can be seen that the canonical relations
are the equations for characteristics of the equation
(6)). The equation (6) provided with the supplemen-
tary conditions, namely, the canonical relations (7), is
called the Hamilton-Jacobi equation [30]. The deriva-
tives of this equation format the di�erential: �u =
(@u=@t) dt + pj dxj = �E dt + pj dxj = du . To this
type there belongs the equation of �eld theory

@s

@t
+H

�
t; qj;

@s

@qj

�
= 0;

@s

@qj
= pj; (8)

where s is the �eld function for the action function-
al S =

R
Ldt . Here L is the Lagrange function, H

is the Hamilton function: H(t; qj; pj) = pj _qj � L ,
pj = @L=@ _qj . To the equation (8) there correspond
the closed form ds = H dt + pj dqj (the Poincare in-
variant). f In the quantum theory an analog to the
equation (8) is the Schr}odinger equation [31]g .

fHere the degenerate transformation is a transition
from the Lagrange function to the Hamilton function.
An equation for the Lagrange function, that is the Eu-
ler variational equation, has been obtained from the

condition �S = 0, where S is the action functional.
In the real case, when forces are nonpotential or con-
nections are nonholonomic, the quantity �S is not a
closed form, that is, d �S 6= 0. But the Hamilton func-
tion is obtained from the condition d �S = 0 which
is the closure condition for the form �S . A transi-
tion from the Lagrange function L to the Hamilton
function H (a transition from variables qj; _qj to vari-
ables qj; pj = @L=@ _qj ) is a transition from the tan-
gent space, where the form is nonclosed, to cotangent
space with closed form. One can see, that this tran-
sition is degenerate oneg . fIn the invariant �eld the-
ories there used only nondegenerate transformations,
which preserve the di�erential. By the example of the
canonical relations it is possible to show that nonde-
generate and degenerate transformations are connect-
ed. The canonical relations in the invariant �eld the-
ory correspond to nondegenerate tangent transforma-
tions. At the same time, the canonical relations for the
Hamilton-Jacobi equation without supplementary con-
ditions are the equations for characteristics, which the
degenerate transformations correspond to. The degen-
erate transformation is a transition from the tangent
space (qj; _qj)) to the cotangent (characteristic) mani-
fold (qj ; pj ). It is a transition from manifold that cor-
responds to the material system, to the physical �elds,
and it is an origin of the physical structure. On the
other hand, the nondegenerate transformation is a tran-
sition from one characteristic manifold (qj; pj ) to the
other characteristic manifold (Qj ; Pj ), that is, a tran-
sition from one physical structure to another physical
structure. It is easily shown that it is a speci�c feature
for the relations, which perform such transformations as
tangent, gradient, contact, gauge, conformal mapping,
and othersg .
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It is shown, that the Einstein equations with the cosmological term describe only the 
at and static Universe. They
are conversed to the �eld shape and are simpli�ed under these requirements. The solution of these equations is found
in the shape of the Yukawa potential, which contains the constant called as the gravitational interactions radius.
The concept of a gravitational interactions area of a material body with the Universe is de�ned according to the
constant. It is shown, that the given area changes its location in the space at acceleration or retarding of the body
action. It is accompanied by energy change of the body gravitational connections with the Universe. The identity of
inertial and gravitational masses is proved unambiguous at de�nition of the character and quantity of these changes
according to the Mach principle.

1. Introduction

Cosmology is the general part of mathematics, physics,
astronomy and philosophy, which deals with origin,
structure and development of the Universe as a whole.
It is a uni�ed concept of the Universe that puts cos-
mology in a position speci�c towards other sciences.

Really, if any other science can investigate its object
from di�erent directions and in full, only a part of the
Universe is accessible to cosmology, i. e. a part of
its object of investigation (to say the more, only from
inside, as a cognising subject is inseparable from the
object of investigation). As the whole possesses such
properties which are not characteristic for its part, |
and these are the properties which as a matter of fact
distinguish the whole from its parts, then it makes clear
enough the availability of all these drawbacks, which
cosmology always experienced.

The essence of these drawbacks has always come to
the one: no physical theory could to a full extent ex-
plain the observed properties of the Universe. If the
theory somehow was adapted to some properties of the
Universe, then the stemming e�ects either did not cor-
relate with its other known properties or overstepped
the limits of common sense. The situation is getting
worse through the fact that four-dimension space-time
by the General Relativity (GR) is described by ten vari-
ables, as the theory itself only suggests six independent
equations. That is why it is not that surprising that no-
body has ever managed to build the objective picture
of the world only with the GR equations.

1e-mail: zhuck@insurance.kharkov.ua

To study the whole by its part, it is important to
have continuous integration of notions on the subject of
the investigation from di�erent points of view at every
stage of its investigation and continuous coordination of
outcomes of the theory under development with the ob-
jective reality. Non-observance of the principle of con-
formity, occurrence of internal contradictions, singular-
ities and paradoxes while applying the given theory for
the description of the whole indicates to the falsity of
the way taken by the investigators. It is the very situ-
ation, which has developed in cosmology nowadays, its
o�cial theoretic ground being based on the idea of Big
Bang.

2. Geometry of the conservation laws

Ten conservation laws tested with a high degree of accu-
racy are combined in a special way with the spacetime
geometry.

This relates to the fact that in an arbitrary Rieman-
nian spacetime the availability of a di�erential covariant
conservation equation does not guarantee the possibili-
ty of deriving an applicable integrated conservation law.
This feature allows us to work out of requirements to
the geometry of four-dimensional spacetime, which, if
met, would unequivocally produce the covariant inte-
gral conservation law.

Thus, the Killing equations have solutions, contain-
ing the greatest possible number M = N (N + 1) =2
of arbitrary constants (parameters), if and only if the
Riemannian space represents a space of constant cur-
vature. If it does not represent the space of constant
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curvature, the will be fewer arbitrary parameters.
From the mathematical point of view, the avail-

ability of the integrated conservation laws of energy-
momentum and the moment of motion re
ects certain
properties of spacetime: homogeneity and isotropy.
There are only three species of four-dimensional spaces,
which possess the properties of homogeneity and isotropy
to such an extent that they allow the introduction of
ten motion integrals for a �nite system:

- space of constant negative curvature (the Lobachev-
sky space);

- space of zero curvature (the pseudo Euclidean
space);

- space of constant positive curvature (the Rieman-
nian space).

The �rst two spaces are in�nite and have bound-
less volumes. The third space is closed having a �nite
volume, but no boundaries.

Simple supplementary studies [3] demonstrate that
the pseudo Euclidean spacetime is in fact homoge-
neous and isotropic and, most importantly, it is only
in this spacetime separate conservation laws of energy-
momentum and moment of momentum take place for a
�nite system. Since natural geometry of the Universe
is Euclidean at the global level, it is more expedient
to treat the gravitational interaction just against a 
at
background.

3. The Special Relativity as a
particular case of the General
Relativity

To consider the problem in question, the interval of
four-dimensional spacetime, �lled with a substance, can
be represented as:

dS2 = gabdX
adXb + 2g0adX

0dXa + g00
�
dX0�2 ; (1)

where the indices a and b run values 1, 2, 3.

4. The following equality holds for the
proper time

dX1 = dX2 = dX3 = 0; (2)

and the interval of the proper time is expressed by the
relation

dt =
1

c

p
g00dX

0: (3)

In the static case, all the components of g0� of the
metric tensor are identically equal to zero, but the spa-
tial interval is de�ned as

dl2 = �gabdXadXb: (4)

If a material particle leaves from point A at a mo-
ment X0 of the world time and comes to the in�nites-
imally close point B at a moment X0 + dX0 , then to
de�ne the velocity, it is necessary to take not the interim�
X0 + dX0

� � X0 = dX0 , but the di�erence between
X0 + dX0 and the moment X0 � (g0�=g00) dX� that
is simultaneous at the point B to the moment X0 at
the point A :

�
X0 + dX0

���X0 � g0a
g00

dXa

�
= dX0+

g0a
g00

dXa:(5)

If we multiply it by
p
g00=c , we will obtain the cor-

responding interval of the proper time, so that the ve-
locity is de�ned as

va =
cdXa

p
g00
�
dX0 + g0a

g00
dXa

� : (6)

In the static case, expression (6) is simpli�ed to the
form

va =
cdXa

p
g00dX0 : (7)

On the other hand,

va = �gabvb: (8)

Then

v2 = vav
a = �gabvavb =

= �gab cdXa

p
g00dX0

� cdXb

p
g00dX0

=

= �gabdXadXb c2

g00 (dX0)2
=

c2dl2

g00 (dX0)2
: (9)

Now it is possible to write the expression for the
square of the interval in the moving frame of reference

dS2 = g00
�
dX0�2 + gabdX

adXb =

= g00
�
dX0

�2 � dl2 =
= g00

�
dX0

�2 
1� dl2

g00 (dX0)2

!
=

= g00
�
dX0

�2 
1� 1

c2
c2dl2

g00 (dX0)2

!
=

= g00
�
dX0

�2�
1� v2

c2

�
: (10)

Since astronomical observations testify that the
Universe at the global level is 
at and for the 
at
spacetime, while applying the Lorentzian coordinates

g00 = 1; (11)
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one may reduce expression (10) to the form

dS2 =

�
1� v2

c2

��
dX0

�2
= g000

�
dX0

�2
; (12)

where the value

g000 = 1� v2

c2
(13)

is the component of a new metric tensor (in the moving
frame of references).

Then the interval of the proper time in the moving
frame of reference will be de�ned as

d� =

r
1� v2

c2
dX0

c
=

r
1� v2

c2
dt; (14)

which, for its part, is typical only for the special theory
of relativity.

Therefore, special relativity represents a special case
of the general theory of relativity only in the case of a

at, homogeneous, isotropic and static material medi-
um. In other words, space and time have now become
inseparable from substance both in special relativity
and in general one.

As all the formulas of special relativity hold true
with exceptional precision in the nature, it can be de-
duced that the entire Universe is static at the global
level.

5. Expansion of metric tensor

The metric tensor of the four-dimensional spacetime gik
in the case of a weak �eld is traditionally presented in
the form of the sum

gik � 
ik + hik = _
g
ik
; (15)

This expansion of the metric tensor is only approxi-
mate in all cases, as it does not correspond to the basic
requirements presented to fundamental metric tensors
of the Riemannian space.

In fact, the mixed components and full convolution

of the tensor
_
g
ik

have the form [1]:

_
g
i

k = �ik + hik; (16)

_
g ik

_
g
ik
= 4 + 2h+ 0

�
h2ik
�
: (17)

At the same time, for the truly metric tensor in the
Riemannian space, the following precise relationships
should always be executed:

gik = �ik; (18)

gikg
ik = 4: (19)

Therefore, works [2, 3, 5{7, 9{11] have switched to
the transition to the precise expansion of the metric ten-
sor gik to two parts that correspond to consideration of
the gravitational �eld of material objects against a cer-
tain background. In those theories, the switch from the
transferring from the geometric formulation of gravity
to the �eld formulation has been made by means of the
precise (precise!) expression

p�ggik � p�
 �
ik + hik
�
; (20)

A simple check demonstrates that the left-hand side
of the given transformation conforms to requirements
(18) and (19) if the parameters

~gik =
p�ggik; ~gik =

1p�g gik: (21)

are introduced. Conformity of right-hand sides in trans-
formations (20) to requirements (18) and (19) by means
of correlations (21) is also evident.

After that we may proceed to determine the form of
�eld equations of general relativity, but �rst needs to
be selected of the equations themselves in a geometrical
presentation.

6. Selection of Einstein's equations

As has already been mentioned above, there are two
varieties of the Einstein's equations written in the geo-
metrical form. Let us write them once more:

Rik � 1

2
Rgik = ��Tik; (22)

Rik � 1

2
Rgik � �gik = ��Tik; (23)

From the collection of all the characteristics of the
Universe, it is necessary to select that, which would
allow us to make an unambiguous choice of the Ein-
stein's equations. Such characteristic is the global Eu-
clideation of the Universe. Since in this case gik =
conct and gik;l � 0, then we arrive at equality

Rl
ijk = Rik = R = 0: (24)

Using the chosen criterion, we shall analyse the
equations (22) and (23). For the beginning we form of
them convolutions:

R = �T; (25)

R+ 4� = �T: (26)

For the real Universe, �lled with substance, T 6= 0.
Because � is not equal to zero either, it becomes evi-
dent that equality (25) fails to hold if expression (24)
has been accounted for. Therefore, equations (22), from
which the said equality has been obtained are not true
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either. On the contrary, equality (26) holds which in
turn points to the fact that equations (23) can be ap-
plied to describe of the real Universe (though initial-
ly some principal di�culties concerning the superhard
state of the substance of the Universe).

It should be noted that the inference given above
also follows from equations (22) and (23). However, in
this case equality (26) alos produces the expression for
the cosmological constant

� =
1

4
�T; (27)

which plays a fundamental role in explaining the prop-
erties of the Universe if condition (24) has been met.

7. Principles of deriving �eld equations

The transfer from the geometrical formulation to the
�eld one is made with the help of the correlation

p�ggik � p�
 �
ik + hik
�
; (28)

This corresponds to the speci�ed tensor gravitation-
al �eld hik against the background of the 
at material
world in the arbitrary curvilinear coordinates with the
metric 
ik .

In the 
at world, the Lorentzian frame of reference
can be selected and then the linear member acquires
the form

d�2 = �ikdx
idxk = c2dt2 � dx2 � dy2 � dz2: (29)

However, to achieve greater generalization, we will
so far use the arbitrary curvilinear coordinates with
the metric tensor 
ik . Allowance for homogeneity and
isotropy of the Universe will be made by means of equal-
ization to zero of the covariant derivative of tensor grav-
ity ~gik (which is true in all the frames of reference)�p�ggik�

;k
= 0; (30)

If identity (24) is allowed for, identity (30) is father
transformed, in the Lorentzian coordinates, into a con-
dition that coincides with the harmonicity condition [2]

�p�ghik�
;k
= 0: (31)

Conditions (30) and (31) resemble the Lorentz cal-
ibrating condition that holds in electrodynamics, but
here the conditions are mandatory since they re
ect
quite particular properties of real spacetime of the Uni-
verse. (In electrodynamics, incidentally, these condi-
tions are also obligatory!) After that, two principles of
deriving �eld equations of general relativity arise.

The �rst principle is associated with direct transfor-
mations of equations (22) and (23) in equations of the

�eld formulation of relativity by applying correlation
(28). In this instance equations (22) acquire the form

h;�ik;� + 
ikh
��
;�;� � h�k;i;� � h�i;k;� = 2�T

0

ik; (32)

in which the designation

T
0

ik = Tik + T gik; (33)

is introduced, where Tik is the energy-momentum ten-
sor of all material sources apart from the gravitational
�eld; T gik is the energy-momentum tensor of the gravi-
tational �eld. Taking into account the identity

h;�ik;� � ohik (34)

and condition (31), which at the inverse transformation
with allowance for (30) and (28) becomes

hik;k = 0; (35)

we obtain

2hik = 2�T
0

ik; (36)

Equations (23) will change similarly and in the long
run they turn into

2hik � 2

3
�hik = 2�T

0

ik: (37)

The second principle �rst supposes the transforma-
tion of the Hilbert Lagrangian, which, for example,
without regard for the cosmological constant, looks like

L =
p�gR; (38)

to the Lagrangian Lg of the �eld formulation of general
relativity. After that, with the help of the variation
principle and with account for (30), (31) or (35) the �eld
equations of gravity, which are identical to equations
(36), are obviously gained.

The second principle is more laborious to realize
than the �rst one. However, it allows a deeper com-
parison of the two presentations of general relativity,
touching not only the identity of equations, but also
the identity of two Lagrangians, on the basis of which
the equations of the given theory are derived.

As for the cosmological constant, it obviously de-
pends on the properties of the material medium of the
Universe (27). Because of that, the Lagrangian of the
geometrical formulation of general relativity is chosen
in the form

L� =
p�g (R+ 2��) ; (39)

where � is a certain constant (number) in dependent of
any factors except for the fact that the �eld equations of
general relativity correspond to the Newton gravitation
law for weak �elds and short distances. The variation
principle applied to the Lagrangian (39), in view of the
above reservation concerning � and condition (35), re-
sults in equations (37).
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8. Law of universal gravitation.
Large-scale structure of the
Universe

In a static case for spherical-symmetric material body
of m mass, equation (37) gives an external solution as
a Yukawa potential

' = �Gm
r

e�r=R0 : (40)

where the constant R0 is called as a radius of gravi-
tational interactions and is determined through mean
density of the Universe �0 and relative velocity of a
light c0 under the formula

R0 = c0
r

3

4�G�0
; (41)

For two material objects with m1 and m2 masses
the following law of gravitation is received

F = G
m1m2

r2
e�r=R0

�
1 +

r

R0

�
: (42)

From the analysis of the obtained law it follows that
all material bodies (planets, stars, galaxies) in the Uni-
verse interact less, than it stems fromNewton's gravita-
tion law. The latter, in its turn, arises from the actual
law of gravitation with average density of the Universe
tending to zero. Here lies the principle of conformity
with reference to the given law and explanation how
material environment of the Universe in
uences inter-
action of components by this.

In linear approximation the law of universal gravi-
tation takes the following shape

F = G
m1m2

r2

�
1� r2

R2
0

�
; (43)

which shows that all material bodies in the Universe
only interact practically within the radius of gravita-
tional interactions equal to approximately 10�26 m (or
20 billions of light years).

The actual law of gravitation has a number of nice
characteristic properties. Thus, the evaluation of en-
ergy connection of material body of m mass with the
whole Universe gives the value

E = �mc2; (44)

which is exactly equal to inner energy of the body tak-
en with the opposite sign. Unlike this, Newton's law of
gravitation gives minus in�nity. That is why, applica-
tion of Newton's law gave birth to Zeeliger's paradox.
In the actual Universe there is no such paradox as to the
actual law of gravitation, and mass serves as a measure
of connection of this material body with the Universe.

In classical physics there is a special theorem, prov-
ing that in spherical-symmetrical material envelope the
gravitational �eld is absent or, to be more exact, that
the resultant of all gravitational forces is equal to zero.
With the use of actual law of gravitation it turned out
that such envelope (with mass M ) attracts material
point of m mass, situated in the internal cavity, with
the force

F =
GmM

r2
R0

2R
�

�
�
e�

R+r
R0

�
1 +

r

R0

�
� e�

R�r
R0

�
1� r

R0

��
: (45)

Analysis of the formula (45) shows, that the clos-
er the point to the envelope (r is the closest distance
between the point and the envelope), the stronger it is
attracted. In other words, any stabilisation of material
media of the Universe in the shape of the envelope leads
to the further forming of such an envelope. That is why
the Universe in large scales has got cellular structure (in
the shape of soap foam), where the conglomerations of
the galaxies are in the thin walls of these cells, and
superconglomerations are at the crossings of the cells.

As for the global structure of the Universe, the au-
thor has proved the special theorem, showing that for-
mulas of the Special Theory of Relativity (STR) are
only true for 
at and static Universe. Moreover, STR
is shown to be a particular case of the GR, and space
and time in it, as well as in the GR, are inseparable
from substance.

9. Laws of dynamics. Gravitational
viscosity. Geodetic curvature of the
Universe

Complicated enough (demanding substantial imagina-
tion) analysis of interaction of a material body with all
the masses of the Universe on its speeding-up showed
that the character of this interaction is changing in the
intricate manner: the interaction of the speeding-up
body with the Universe is decreasing in the back hemi-
sphere and, on the contrary, is increasing in the front
one.

In more simple way, it can be explained using lin-
ear approximation of the actual law of gravitation (43).
According to this approximation, a material body on-
ly interacts with the media of the Universe within the
radius of gravitational interactions. When the body
speeds up, the �eld of interaction without shape chang-
ing moves ahead in its run in proportion as the velocity
of the body to the velocity of light.

The author has worked out the method to determine
quantitative characteristics of the dynamics of this in-
teraction and to show, that the second Newton's law
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is a consequence of this interaction. At this, the sec-
ond Newton's law automatically includes gravitational
mass instead of inert one, traditionally accepted. Thus,
the author has proved the identity of inert and gravita-
tional masses in the spirit of Mach principle. In other
words, no inert mass is proved to exist, and inert prop-
erties of material bodies come out through gravitational
interactions with all the masses of the Universe (more
exactly, through changing this interaction). Centrifugal
forces at rotation, re
ecting the third law of Newton,
are explained in the same way.

After speeding-up (cessation of local force function-
ing) of a material body along the X coordinate, its free
movement is described with the equation:

d2X

dt2
+H

dX

dt
= 0; (46)

where H is Hubble's constant, which is determined by
the formula

H =

r
4�G�0

3
; (47)

and has another physical sense, than it is accepted in
cosmology.

The new law of free movement di�ers from the �rst
Newton's law by the presence of the second (dissipa-
tion) addend. Altogether, one of the simple wording of
this law may be the following: if a body is not a�ected
by local forces, then the position of its �eld of interac-
tion with the Universe (by R0 level) in due course of
time will not change, and it itself aims asymptotically
at the centre of this �eld.

As the decrease of object velocity is proportional to
the velocity, and not to its quadrate, as it is observed
in aerodynamics, such property is named gravitational
viscosity of the Universe (by analogy with viscosity of
any other environment). Due to the fact that the value
of Hubble's constant has order 10�18 , the presence of
gravitational viscosity practically has no e�ect at local
processes (for example, within the Solar system). But
at the distance equal to the half of the average distance
between galaxies, the forces of gravitational viscosity
become comparable with centrifugal forces and are re-
sponsible for formation of medium-scale structure of the
Universe, i.e. for formation of galaxies (these forces also
explain their spiralling).

The concept of gravitational viscosity of the Uni-
verse closely links to the concepts of a�nities (parallel
carry of vector) in the non-Euclidean geometry of multi-
dimensional spaces. For movement of non-conservative
systems, i. e. in most general view, there is a relation:

Kj (t) =
d2Xj

dt2
+ �jlk

dXl

dt

dXk

dt
= ' (t)

dXj

dt
: (48)

The average addend with Christo�el's symbols of
the �rst kind (a�ne connectedness) �jlk indicates to

the degree of space curvature (let's call it geometrical),
where the parallel carry of vector is made, and the latter
indicates to the change of the length of the very vector,
i. e. to the existence of the energy dissipation. It
de�nes the so-called geodetic curvature of space:

K =
q
gijKi (t)Kj (t); (49)

which is practically not mentioned even in specialised
literature on GR.

For the actual Universe the geodetic curvature is
equal:

K = K0

r
1� v2

c2
; (50)

where K0 = Hc is a constant for Universe equal to
approximately 10�10 m/s2 .

The interesting physical sense has also radius of
gravitational interactions (41). It appears that it cor-
responds in precision to radius of a black hole on which
surface the speed of light is equal to the �rst solar es-
cape velocity. Thus, it is possible to tell that we live at
in the centre of a black hole, but it is not our privilege,
and the property of the Universe to form around of any
point gravitational-makes area. By the way accelera-
tion due to gravity on a surface of such black hole is
equal only 10�10 m/s2 .

In general the analysis of all results demonstrates
that the motion in respect to the Universe has the char-
acter of absolute motion, but it is impossible to observe
it under local physical laws.

The actual law of gravitation gives one more impor-
tant corollary: with mass shown in interactions with a
material body depends on a relation of radius of a body
R to radius of gravitational interactions R0

M =
R2c2

2GR0

�
1� e�2R=R0

�
: (51)

At R << R0 the mass of a body is proportional to
its volume, and at R >> R0 (or that is the same when
R! +1) to surface area of a body. It gives in a deduc-
tion about ability of a substance to create screen e�ect.
It is capable to explain virial paradox and existence of
gravitational-makes of areas of the Universe.

10. Law of light distribution. Hubble's
diagram. Sky temperature

The analysis of interaction of light with material en-
vironment of the Universe showed that the distributed
photon is a�ected by gravitational potential (�c2 ), re-
sulting in its energy loss and in the result in changing
light frequency � in relation to original �0 by the law
[8, 10]:

� = �0 e
�r=R0 : (52)
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The given law fully solves photometry paradox, ex-
plains the nature of red shift in radiation spectra of
other galaxies without using Doppler's e�ect and leads
to a new formula of distance de�nition to galaxies:

L = R0 ln (1 + z) ; (53)

where z = (���0)=�0 is a parameter of red shift of light
frequency, expressed through wavelengths of radiated
�0 and � light being received.

It is necessary to note, that in 1971 Carlsson [4] has
found out for the �rst time a cyclic change of a spec-
tral radiant density of quasars proportional argument
ln (1 + z), where z is red bias of their spectrums. Such
allocation of quasars correlates with allocation of galax-
ies forming in the Universe homogeneous thin-walled
aggregations as meshes.

In view of the formula (53) cyclic changes of a spec-
tral radiant density of quasars are conversed to cyclic
dependence of allocation of quasars on distances indi-
cating homogeneity of the Universe not only in space,
but also in time, that is on its stationarity for the last a
minimumof 30 billions years (so much time the electro-
magnetic waves went to us from the farthest quasars).

Taking into account the new law of light distribu-
tion the dependence \visible stellar magnitude m |
redshift z" (Hubble's diagram) takes the shape:

m = 5 lg
�p

1 + z ln (1 + z)
�
+ 21:68 (54)

and fully coincides with experimental data, at this with-
in the range of observed values for stellar magnitudes
the given dependence is practically linear.

Law (52) fully explains the nature, numerical char-
acteristics and the character of distribution of back-
ground microwave radiation. Actually it is not a relic of
the Big Bang, but a summary radiation of all sources of
electromagnetic radiation (stars, galaxies, etc.) of the
Universe. If all radiation dropping on the single site is
integrated in the space from the zero ad in�nitum, the
temperature of this radiation (sky temperature) will be
determined by the formula:

T0 =
4

r
LS��0R0

4�MS
: (55)

where Ms; Ls is average mass and full 
ux of the ra-
diation of an average star; � is Stefan-Boltzmann con-
stant, � is a share of stars in medial density of the
Universe �0 .

It is known, that the medial mass of a star is equal
approximately 0:4 masses of the Sun. Then, if in the
formula (14) to substitute values of this mass MS = 0:8�
1030 kg and brightness, relevant to it LS = 1:1�1025 W,
and also constant � = 5:67 � 10�8 Wm�2K�4 and the
value of density � � 10�26 kg/m3 (i. e. that �0R0 �
1), so for this performance � = 0:8� 1:0 temperature
of equilibrium radiation of all stars will be equal T0 =

2:64� 2:79 K, that coinsides with actual measurings of
this value (2:726� 0:005 K).

Other investigations have shown that the spectrum
of integral sky radiation corresponds to the spectrum
of absolutely black body radiation. And as the actual
law of light distribution does not save as constant the
light frequency, the following additions are introduced
into the equation of electrodynamics.

11. Conclusion

Thus, the author has designed the new stationary mod-
el of the Universe which approximately on 30 param-
eters is compounded with the properties of the actual
Universe and has the same right on existence as well as
model of Big Bang.
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Gravitation is one of manifestations of body's reciprocal in
uence through ether. The mechanism of a gravitation
consists of a constant reciprocal irradiation of bodies by polarization waves (P-waves), which excite forces of the
attraction of irradiated bodies by ether in the direction of their interaction. The mechanism of the excitation has
code character: the stimulating and provoked forces are opposite on a direction (P-waves are not a \pushing", but a
\drawing" ones in di�erence from electromagnetic and sound waves), and by value the raised forces of an attraction
are larger than stimulating them P-waves forces. The energy of gravitation is a converted energy of ether. Before
P-waves discovery [1-4] a nature and mechanism of gravitation could not be discovered on principle. A nature
of gravitational interactions, as well as all other fundamental interactions (strong, electromagnetic and slight), is
mechanical

1. Introduction

The question of the nature of gravitation remained ac-
tual, but unsolved, within 300 years from the moment of
Newton's discovery of the Universal Gravitation Law.
Newton himself answered this question, that he does
not know, and he does not want to dream (\I do not
fabricate the hypotheses").

The problem is really so complicated, that for its
solution the science needed for 300 years.

The opportunity of the decision of the problem de-
pends on notions and level of knowledge about structure
of substance, of universe.

Still Descartes has expressed the thesis, that the
empty space is not present (17-th century, Cartesian
school).

However, the dependence of gravitation force on
mediumbetween gravitating bodies did not enter as ob-
vious one in the law of the universal gravitation, which
has been discovered in that century

FGr = G
M1M2

R2
12

;

M1; M2 is mass of attracting (gravitating) bodies;
R12 is distance between them.
As it has been clari�ed now (see below (13.1)),

this dependence enters a gravitational constant G the
same way as the dependence on medium of force of
interaction between two electric charges enters to the

1e-mail: kolpakov@kture.kharkov.ua

Coulomb's law through dielectric permittivity

FEL =
1

4�"

Q1Q2

R2
12

:

Q1; Q2 is charges of bodies;

R12 is distance between them.

But for this \ascertaining" 300 years were required,
as it was marked above. And the history of this ascer-
taining is next.

2. Historical-conceptual situation

2.1. As the gravitation force dependence on medi-
um between gravitating bodies does not enter as ob-
vious one in the Universal gravitation law, as it was
marked above, it was thought,that it simply does not
exist, and gravitation force propagates instantly through
empty space (the conception of \long range actions").

The importance of the Universal gravitation law for
science and engineering is so great, and the prestige of
Newton was so high, that the conception of long range
actions has being actual during 150 years up to Fara-
day's experiences.

2.2. Faraday by experiments with electrical and
magnetic bodies has found out, that these bodies in-
teract through special mediums, which he has termed
electrical and magnetic �elds, accordingly (conception
of \short range interactions"). Maxwell analytically has
described the existence of electromagnetic waves and
has obtained the equations of electromagnetic �elds and
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waves (for free space):

rotE = �@B
@t
; (2.1)

rotH = "0
@E

@t
: (2.2)

The materiality of ether and its very important
property | electrical polarizability | appeared from
Maxwell equations [1]. Really, from (2.2) it follows,
that

div

�
"0
@E

@t

�
=

@

@t
(div "0E) =

@�

@t
= 0;

"0E = PEth is polarization of \free" space.
But only the material medium can be polarized.

So, the experiences of Michelson-Morley on searching
of ether were not necessary any more after Faraday and
Maxwell works.

It enabled and indicated the direction of examina-
tion of fundamental properties and structure of ether.

2.3. But the history gave orders in its own way.
The Newtonian situation has repeated. Theoreticians
with di�culties recognized Faraday-Maxwell laws. The
search of ether was held in parallel. Positive results,
as well as negative ones, were gained. Without a due
justi�cation the negative results of Michelson-Morley
experiments have been recognized | ether does not
exist.

For the explanation of these negative results Fitzger-
ald and Lorentz have put out the hypothesis of cutting
of the sizes of bodies in a direction of their motion,
then Lorentz has put out the additional hypothesis of
time slowing-down in mobile objects. Lorentz has for-
mulated these hypotheses as the equations, which we
know as Lorentz transformations:

x0 = (x� vt)
�
1� v2

c2

��
1
2

;

t0 =
�
t� vx

c2

��
1� v2

c2

�� 1
2

2.4. Einstein had his own vision of the universe. In
Lorentz transformation laws he saw the manifestation
of properties of objective reality | space-time continu-
um. On this basis he has generated at �rst the Special
Relativity, and then the General Relativity. Though
this theory di�cultly yields to comprehension by \sen-
sible" sense, the scienti�c prestige of the Einstein was
so great, that this theory has been put in a basis of nat-
ural sciences paradigm, and in a basis of development
of the gravitation theory also.

The existence of a picked out (absolute) reference
system | ether (as it was showed above) | disturbs
Einstein principle of relativity and consequently will de-
mand the processing of the theory of relativity.

However, though the general theory of relativity was
termed also as the theory of gravitation, it could not
explain neither nature, nor mechanism of gravitational
forces. In other words, it was not possible to materialize
Lorentz transformations.

To puzzle out a nature and mechanism of gravita-
tional forces and to develop a fundamentals of the the-
ory of a gravitation it is possible on the basis of the
analysis of structure and properties of ether (its materi-
ality and electrical polarizability, as it was scored above,
with necessity follow directly from Maxwell equations)
and on the base of the discovery of polarization waves
(P-waves) [1-4].

3. Nature and mechanism of
gravitation

3.1. In a summary descriptive form a nature and
mechanism of gravitation (universe interattraction of
bodies) can be submitted as follows.

As Maxwell equations corollary (see above), whole
space, both \free" one, and the material formations
(bodies), are �lled by electrically polarized medium -
ether.

The substation (ether), which possesses property of
an electrical polarizability, can be represented by gas of
neutral particles (amers), in which bigger by size elec-
trically polarized particles (polars) had been inserted.

3.2. The polars can be represented by dipoles made
of \stuck together" vortex toroids of this amer gas.

Such representation re
ects the property of an elec-
trical polarizability of an ether and it is compounded
with the vortex toroids formation theory (they are, on
Helmholtz, inconvertible structures).

The vortex toroids with contrarily ordered ring ve-
locities are attracted to each other (and this is prima-
ry microscopic and basic display of fundamental inter-
actions), forming polars. The polars, thus, also have
property to be attracted to each other and are both
electrical, and gravitational dipoles.

3.3. The dipoles of polars oscillate on natural fre-
quencies under action of microwave background radi-
ation (MBR) and of thermal motion of gas, perturb-
ing environmental amer gas, | i.e. they radiate amer
\sound" waves. These sound waves transmit energy to
the next polars | the polarization waves (P-waves) are
formed.

3.4. The polars are in a state of chaotic thermal
motion. P-waves will increase forces of polars interat-
traction by spatial orientation of interaction.

By this the polars of \free" space and polars of bod-
ies are interattracted, and so as the polars are bound
to particles of bodies, the bodies and ether will be in-
terattracted.

Individual \remote" from each other bodies are un-
der symmetric exposure of environmental ether and so
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Figure 1: Polarized polar (Hertz dipole): dP is diameter
of vortical toroids of polar; qP is dipole arm

the forces of attraction of bodies by ether will be bal-
anced.

3.5. At an arrangement of bodies in relative proxim-
ity to each other the equilibrium is disturbed. The point
is that though all polars radiate P-waves, but a density
of polars in bodies is greater, than in \free" space, and,
accordingly, an intensity of P-waves radiated by bodies
will be larger. In addition, bodies reciprocally irradiate
each other with P-waves. The attraction of bodies by
ether from irradiated side is lager. Reciprocal gravita-
tion (interattraction) of bodies appears.. Though, as a
matter of fact, only forces between a body and ether op-
erate. The interaction of bodies through P-waves only
arouses these forces, determines their direction.

Let's mark also, that the interaction of P-waves has
informational-code character: at �rst, P-waves are not
a \pushing", but a \attracting" ones in di�erence from
electromagnetic and sound waves; secondly, gravita-
tional forces are larger then strength of P-waves in
u-
ence. Converted energy of ether is a source of gravita-
tional forces.

3.6. Thus, the nature of reciprocal gravitation
forces, as well as their mechanism, is mechanical. All
subsequent content of paper is devoted to a showing
up, a proving (base on facts) and quantitative illustra-
tion of the expressed above thesis (gravitation | on
the example of an attraction of the Earth by the Sun).

4. Parameters of ether particles

4.1. The main di�culty of an estimation of ether
parameters consists in the following: as the existence
of an ether as material mediums was not recognized by
o�cial science, there are extremely few works devoted
to the examination of properties of ether. The known
works are based on postulates about properties of space
and time and have abstract character. Therefore, at our
studies the corollaries following from the determined
laws and data of experimental examinations were put
in a basis of the estimation of parameters of ether [1-4]:

| electrical polarizability of ether following from
Maxwell equations,

Table 1. Parameters of vacuum particles

Polars Amers
Mass mPmA, kg 10�88 10�114*
Diameter dP ,dA, m 10�21 <<10�21

Quasi-electr. charge of
a dipole QPO, C

10�33 neutral

Number in unitary vol-
ume nP ,nA, m�3

1062 1069*

Resonance frequency
!P0, rad/s

1048 -

| abnormal magnetic moment of electron,

| phenomenon of polarization of vacuum (electron-
positron pair birth),

| value of a \dark" substance density.

Polar is represented by a Hertz dipole (Fig. 1)

The obtained results are given in Tabl. 1.

* - Amers parameters are evaluated for the �rst time
in this work (see p.6).

4.2. The parameters and properties of a polar as
gravitational dipole are examined below.

5. Polarization waves (P-waves)

5.1. P-waves equation:

�
@2

@z2
� 1

v2E
� @

2

@t2
� �20

�
� qP (z; t) = 0;

v2E = a2P!
2
P0kCoupl; �20 = 1=

�
a2PkCoupl

�
;

aP is mean distance between polars;

!P0 is proper frequency of polar;

kCoupl � 1 for plane waves.

The variance law:

!2K = v2E
�
�20 + k2

�
;

k = 2�m= (apN ) ;

N is number of atoms in a chain.

5.2. Group propagation velocity of P-waves vP �
1028 m/s. Frequency !P � !P0 � 1048 rad/s.

The quantities vP and !P0 were improved during
examination process, and that is re
ected in [1-4].

5.3. P-waves radiated by living organisms and by
inorganic bodies have been detected experimentally [5,
6]. Then again, we think that just P-waves were de-
tected in works [7, 8] (authors of these works have not
�nd a nature of radiation).
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6. Densities and velocities of amer gas
thermal motion

6.1. The experiments display, that living creatures
(including the plants) \identify" each other and even
at great distances. It means, that the frequency reso-
lution of their systems of information transmission and
reception satis�es the realization requirements of this
ability of living creatures.

On the other hand, already there are weighty rea-
sons to consider, that P-waves are the carriers of the
\identi�cation" information. These statements give ba-
sis for the prescribing (estimation) of a quality factor
of polars.

6.2. By putting, that for the \identi�cation" a band-
width of order of the television one is necessary, �fSp =
107 Hz, we will get, that, if there was number of canals
NCan = 1020 , a loaded Q-factor of polar dipole is:

DP =
fP0
�fSp

� 1020: (6.1)

Then from

DP =
mP v2Pm

2

�
MAv2Pm

2
=
mP

MA
;

vPm is amplitude of velocity of toroids dipole oscil-
lations in a polar;

MA is amers mass, \pushed out" by a toroid at one
oscillation, we get

MA = mP =DP = 10�108 kg: (6.2)

Accordingly from MA
�= SP dP �A amers gas density

follows

�A =
MA

SP dP
�= 10�45 kg �m�3; (6.3)

SP is cross-section area of polar.
Amer mass

mA = �A/nA = 10�114 kg: (6.4)

6.3 Then from nAkTV = �A�v2A=3 it follows, that at

nA = 107nP = 1069 m�3 (6.5)

mean square velocity of amers thermal motion is

�vA = (3nAkTV =�A)
1=2 �= 1045 m=s: (6.6)

TV is thermal temperature of vacuum.
6.4 Mean time of amer transit between collisions

�Tr �= aA=�vA � 10�67 s;

aA is mean distance between amers.

Figure 2: The mechanism of fundamental interaction be-
tween polars (VC is circular velocity of amers movement in
polar toroids)

6.5. Spectral density of energy of amer gas thermal
motion

GE
A = EA=�fTh �= EA�Tr = 10�21J=Hz;

EA = nAkTV :

6.6. Dispersion and mean square value of amers
pressure on polar in its bandwidth

�2P = GP
A�fSP ; GP

A � GW
A ;

�P �= 103N �m�2: (6.7)

7. Nature of fundamental interactions

7.1. Ultimately the reason of all fundamental forces
and interactions is in the irregularity of a spatial distri-
bution of density of matter and of velocity of its motion.

As to the division of these forces and interactions
on strong, electromagnetic, slight and gravitational, it
is stipulated by structure of the indicated irregularities
only.

7.2. Between two layers of gas, moving with di�er-
ent velocities, a transport of a momentum and, accord-
ingly, pressure di�erential appears at the expense of
chaotic thermal transition of particles between layers.

By estimation of this di�erential for the case vRapid
>> vSlow it is enough to take into account the transport
of particles only to one side (to the side of a slow layer).

7.3. In this process the active space of gas layers
interactions are only borders of stratums by width lStr
that will be equal to mean length of a transit between
collisions lTr . In this part of a slow layer the pressure in
the main will be determined by the particles which have
obtained an acceleration at the expense of the thermal-
ization of \rapid" particles, which come from a \rapid"
stratum. In this part of a stratum the pressure will be

P � ��v�2Rapid=3;

� is gas density,
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�vRapid is mean thermal velocity of particles of the
active stratum, which has obtained \rapidity" at the
expense of indicated thermalization.

7.4. Be applied to a pressure between layers of amer
gas in space of polars interaction (Fig. 2) it gives

PP � �Av
2
Rapid=3 >> �A�v

2
A=3 = 1046N �m�2; (7.1)

�A = 10�45 kg �m�3 (see (6.3)),
�vA = 1055 m=s (see (6.6)).
This interaction between polar disks ends, which

was caused by rotative moving of amer gas in vorti-
cal toroids in opposite directions, is \strong", and it is
\torsion" | by structure.

So,

PP = P Str
P ; (7.2)

and lStr � lTr is strong interactions interval,

lStr � n
�1/3
A = 10�23 m; (7.3)

(nA = 1069 m�3 , see (6.5)).
7.5. In a steady-state regime this pressure will be

counterpoised by pressure of next polar.
P-wave destroys the balance. The component of a

pressure in the direction of a source of P-wave irradia-
tion | gravitation pressure | appears

PGr
P � P Str

P
qPm
�P

�= 1038N �m�2; (7.4)

(qPm = 10�27 m, see (9.2)).
Energy of this interaction together with amers ki-

netic energy makes basis of fundamental interactions.
With reference to strong and gravitational interactions
it appears from following.

7.6. The pressure propagates with velocity � vA >>
vP from space of interaction of amer gas layers. There-
fore relation (7.1) can be referred to all space between
polars.

7.7. The pressure of quasielectric forces between
polars

PEl
P =

2

�2"0

Q2
P0

aP
�= 1028N �m�2;

aP � dP . Hence, the electrical interactions are for
many orders weaker then \strong" ones and even then
gravitational forces.

8. Seed dipole moments of polars

8.1. At \free" space there is always MBR present.
These �elds electrically polarize polars. The polars,
thus, have small (seed) electrical dipole moments.

8.2. Quantities of seed dipole moments of polars
MPBg can be evaluated by known density of MBR en-
ergy (WBg

�= 4 � 10�14J �m�3 ).

Figure 3: Energy spectrum of thermal motion of amer gas
(�!Sp = 2��fSp )

From "0E2
Bg =WBg we get

EBg = 7 � 10�2V=m:

Then from EBg =
1

4�"0
� Q2

P0
q2PBg

and MPBg = QP0qPBg

it follows that MPBg
�= 10�60C �m .

8.3. The lengths of MBR are over the range from
submillimetric wave up to decimetric wave. The os-
cillations of dipoles of polars, initiated by these �elds,
are low-frequency components. High-frequency com-
ponents (on proper frequencies of polars) are superim-
posed on them.

9. Build-up of polars dipoles
oscillations by amer gas thermal
motion

9.1. From exposed above it follows, that polar on its
properties is composite mechanic-electro-gravitational
structural dipole formation. Being \seedily" polarized
by MBR, it is in addition resonantly polarized (shaken)
by thermal motion of amer gas.

9.2. Energy of amer gas thermal motion is dis-
tributed uniformly on frequency spectrum in the band.
0 � ! � 2�=�Tr . Amer gas acts on polars by pressure
spectral components, lying in a transmission band of a
polar vibratory system �!P (Fig. 3)

9.3. At a high quality factor of a polar vibrating
system DP = !P0=�!P >> 1 the force acting on po-
lars is narrow-band casual process and will be described
by quasi-harmonic oscillations

F (t) = F0 (t) � cos [!P0t+ ' (t)] ;

F (t) ; ' (t) are slowly varying functions of time as
compared with T = 2�=!P0 . �F0 = �PSP ,

�F0 is mean-square value of force amplitude;
�P is mean-square value of spectral components of

amer gas pressure situated in a transmission band of a
vibrating system of a polar.
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9.4. For an approximate estimation of a vibrations
amplitude of a shoulder of polar's electrical dipole mo-
ment we shall consider the force active on polar as a
harmonic function of time. Then the motion equation
of a polar becomes:

mP �qP + b _qP � kqP = F0 cos!P0t; (9.1)

b = mP!P0=DP ; k = mP !
2
P0;

DP is loaded quality of a polar.
9.5. Solution of the equation (9.1) is the simple

harmonic oscillation with amplitude

qPm = F0DP =
�
mP!

2
P0

�
:

For the case under consideration at

F0 = �PSP = 10�41N�
�P = 10�3N �m�2 ; SP = �d2P=4; see (6.7)),
DP = 1020 (see (6.1)), mP = 10�88 kg,
!P0 = 1048 rad=s: We get

qPm = 10�27 m: (9.2)

Then the amplitude of the velocity of dipole oscil-
lations of toroids in a polar is

vPm � qPm!P0 = 1021 m=s: (9.3)

9.6. E�ective value of the pressure of amer gas
\sound" waves radiated by polar

~P Sound
P = �A�vAvPm �= 1022N �m�2: (9.4)

10. The in
uence of polars thermal
motion on the intensity of \sound\
waves in amer gas

10.1. Thermal motions of polars disorientate their
dipole directions and so reduce the intensity of P-waves
radiation of bodies and provoke the damping in their
propagation in ether.

These e�ects can be accounted for by coe�cients

KB
Therm = �FRand

P =FOr
P ; (10.1)

�FRand
P is dipoles interaction force averaged by all

reciprocal orientations (the energy of interaction EInt

<< kT );
FOr
P is force of interaction of two dipoles at their

orientation \in tail" to each other.
10.2. Representing polar as equivalent electric

dipole, we shall get

KTherm
�= 2

3

Q2
Eq

kT

q2Pm
a3P

;

QEq = QP0
�
PGr
P =PEl

P

�1=2
= 10�28 C:

10.3. Then for P-waves radiating by the Sun (Sun
surface temperature TS = 6 � 103 K)

KS
Therm

�= 10�28: (10.2)

Experience shows that P-waves attenuation in space
is insigni�cant (KV

Therm � 1). But this evaluation
needs additional experimental veri�cation.

11. Mutual irradiations of bodies by
P-waves

11.1. By force of property of an electrical polariz-
ability of ether, the polars, as it was noted above, have
\seed" polarization initiated by relict EMF.

These dipoles are in addition polarized and spatial-
ly disoriented by blow-thermal motion of polars them-
selves and resonance-thermal motion of gas. In bodies,
besides that, polars are polarized by intratomic EMF.

11.2. The load of these dipole oscillators is amer
gas, in which they initiate \sound" oscillations of amer
gas.

At random mutual dimensional orientation of ra-
diating dipoles it is possible to consider, that the in-
tensities of these radiated \sound" waves (of amer gas
partial pressure) add vectorially. The e�ect of random-
ness can be accounted for by coe�cients KB

Therm and
KV
Therm (see p. 10).
11.3. Protons and electrons of bodies, having elec-

tric charges, attract polars. As a result the density of
polars in bodies is lager than this in free space:

NPB = nPKFillVB; (11.1)

VB is volume of body;
KFill is coe�cient accounting the increasing of den-

sity of polars in the body in comparison with \free"
space.

At KFill � �B ,
�B is density of body, we get

NPB = nPMB: (11.2)

11.4. Partial sound pressure of amer gas of P-waves
radiated by body 1 on polars of body 2 is

~P Sound
12 =

P Sound
P SPnPK

B1
ThermK

V
ThermM1

4�R2
12

: (11.3)

For the Earth irradiation by the Sun (M1 = MS =
2 � 1030 kg) we get

~P Sound
ES = 1021N �m�2:

This pressure initiates gravitational attraction by
code mechanism.



Polarizations waves and problem of gravitation 37

12. Code character of P-waves e�ect

12.1. \Sound" partial amer pressure of P-waves - is
the repulsion, instead of the attraction of bodies (nega-
tive gravitation). But, at the same time, P-waves orient
gravitational polar dipoles in a direction of their prop-
agation and by that they will increase the force of their
interattraction (gravitational) (the force of reciprocal
gravitation).

As forces of interattraction are much greater than
repulsive forces, then summary action of P-waves is at-
tractive (P-waves, calling forces of intergravitation, are,
thus, gravitational too).

12.2. The character of P-waves e�ect on bodies,
thus, has code character. The coding property of this
e�ect consists in the fact, that, at �rst, as it was marked
above, P-waves are not \repulsive", but attractive ones,
unlike electromagnetic waves; secondly, the force of re-
action (the attraction) is much greater than the force
of action (the repulsion). P-waves only excite attrac-
tive forces and for attraction itself the energy of amer
gas thermal motion is used through dipole oscillations
of polars.

Part of energy of progressive moving of polar dipole
oscillations transforms to internal (torsion) energy of
these toroids at the expense of di�erence of friction
forces of its interior and external faces and, accordingly,
to gravitation energy through \strong" interaction.

Quantitatively he coding property of polars gravi-
tational e�ect is characterized by code coe�cient

KP
Cod =

��� ~PGr
P

���� ��P Sound
P

��
P Sound
P

�=
��� ~PGr

P

���.��P Sound
P

�� � 1016;

��� ~PGr
P = 1038N �m�2

��� is the pressure of gravitation-
al interaction (see 7.4);��P Sound

P

�� = 1022N �m�2 is partial \sound" pressure
of amer gas of P-waves (see 7.3).

12.3. The mechanism of code e�ect is that P-waves
turn gravitational dipoles of polars in a direction of
their propagation.

Polars, being already polarized by MBR and polars
thermal motion, will line up in chains \in a tail" to each
other.

The forces of interattraction of that way oriented
polars are much greater then forces of their attraction
in the state of free thermal motion.

Polars thermal motion restricts the maximum pos-
sible force of polars attraction.

Besides, the attractive force of a body is diminished
at the expense of small coupling of polars of a gravi-
tating body with its atoms and with \immovable" rel-
atively to attracting body ether.

13. Macroscopic mechanism of mutual
gravitation of bodies

13.1. The bodies mutually irradiate each other by
P-waves. An intensity of partial "sound" amer pressure
on polars of body 2 is (see (11.4))

~P Sound
12(P )

�=
~P Sound
P SPnPKB1

ThM1

4�R2
12

:

13.2. As it was marked above (s.3, s.12), P-waves
e�ect on ether and on bodies has code character: partial
\sound" amer gas pressure causes opposite by direction
and greater on quantity gravitational attraction.

The force of gravitational attraction (the force of the
ether attraction of body 2, caused by P-waves radiation
by body 1), can be estimated by quantity

~FGr
21 = ~P Sound

12(P)
KP
CodSPnPKCouplM2 = G

M1M2

R2
12

;(13.1)

G =
~P Sound
P (SP nP )2KB

TrK
P
CodKCoupl

4�
;

coe�cient KCoupl takes account of severity of the cou-
pling of P-wave pressure on polars with gravitation
force.

13.3. Resultant force of an attraction of body 2 to
body 1

~FGr
12(Res) = ~FGr

12(P ) � ~P Sound
12 KCouplM2 =

=
�
1� 1

�
K12
Cod

�
~FGr
12
�= FGr

12 :

Accordingly,

~FGr
21 = ~FGr

12 = ~FGr = G
M1M2

R2
12

: (13.2)

13.4. All quantities, that are included in expression
(13.1), except of coe�cient KCoupl were also evaluated
quantitatively. Such the estimation can be made for
KCoupl too.

On known quantity G � 7 � 10�11m3=
�
kg � s2� at

KB1
m = 0:1KB2

m for system Sun-Earth

KSE
Coupl

�= 10�32 kg �m2: (13.3)

13.5. Code coe�cient of Sun-Earth system

KSE
Cod = K12

Cod = KP
Cod = 1016: (13.4)

14. Discussion of the obtained results
and conclusions

14.1. Gravitation is one of manifestations of the re-
ciprocal interaction through ether. The mechanism of
gravitation consists of a constant reciprocal radiation
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of bodies by polarization waves, which excite the forces
of ether attraction of irradiated bodies in the direction
of their interaction. The mechanism of excitation has
code character: the exited attractive forces on a direc-
tion are opposite to stimulating ones, and on quantity
are much greater than forces, stimulating them. Grav-
itation energy is transformed energy of ether.

14.2. The most surprising result of the carried out
examinations, by the opinion of the author, is the de-
duction that immediate power action between gravitat-
ing bodies does not exist. The existing gravitational
interaction has the informational - code character: the
gravitating bodies irradiate each other with P-waves,
calling an attraction of an irradiated body by environ-
mental ether in a direction of an irradiating body. Thus
the energy of the irradiation of a body is on many or-
ders less than energy of its attraction.

14.3. The most important on principle result of the
investigation is the discovering of the nature and mech-
anism of mutual gravitation and through them - the
installation of the fact, that all power fundamental in-
teractions (strong, electromagnetic, slight and gravita-
tional) have the uniform mechanical nature.

With reference to strong, electromagnetic and grav-
itational interactions this deduction follows directly
from the obtained results, as applied to slight ones -
the additional explanation of its mechanism is required,
as so it is - manifestation of the same mechanical forces,
but between more complex material structures.

\The Great integration of fundamental interac-
tions", thus, has taken place on the basis of mechanical
power interactions.

14.4. The basis of bodies motion dynamic get the
further development (Newton's laws). Taking into con-
sideration the ether in
uence on a body's motion gives
that the known laws of motion of bodies will become
approximate.

14.5. In some degree the supporters of mystic \tor-
sion" waves get the satisfaction (though they were not
able to explain, what is implied in notion \torsion
waves"), because drawing interaction between polars in
P-waves have \torsion" character.

14.6. The reasons of so long delay (300 years) in
the discovering of the nature and mechanism of mutual
gravitation of bodies become clear: before the discov-
ery of vacuum polarization waves (1996 [1-4]) they of
principle could not be disclosed

14.7. The obtained quantitative estimations of the
mechanism of gravitational interactions are very ap-
proximate. They were not the purpose of examinations
and play only auxiliary role of illustrations of method of
approach reasonableness at a justi�cation of principle
conclusions (this role they have carried out). As far as
practical use of the obtained results is approached, the
quantitative estimations, naturally, will be improved.

14.8. There is the principle opportunity to create
devices for gravitational and antigravitational forces

generation and these forces guidance (gravitational
engines, anti-asteroids protection of the Earth, anti-
missile protection).
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We have studied a cosmological model with a cosmological term of the form � = 3�
_R2

R2 + �
�R
R
+ 3


R2 ; �; �; 
 are
constants. The scale factor (R) is found to vary linearly with time for both radiation and matter dominated epochs.
The cosmological constant is found to decrease as t�2 and the rate of particle creation is smaller than the Steady
State value. The model gives 
� = 1

3
and 
m = 2

3
in the present era, 
� = 
m = 1

2
in the radiation era. The

present age of the Universe (tp ) is found to be tp = H�1p , where Hp is the Hubble constant. The model is free from
the main problems of the Standard Model. Since the scale factor R / t during the entire evolution of the Universe
the ratio of the cosmological constant at the Planck and present time is �Pl

�p
= 10120 . This decay law justi�es why,

today, the cosmological constant is exceedingly small.

1. The model

In a Robertson Walker metric, the Einstein's �eld equa-
tions with variable cosmological and gravitational `con-
stants' and a perfect 
uid yield [2]

3
_R2

R2 +
3k

R2 = 8�G�+ �; (1)

2
�R

R
+

_R2

R2
+

k

R2
= �8�Gp + �; (2)

where � is the 
uid energy density and p its pressure.
The equation of the state is usually given by

p = !�; (3)

where ! is a constant. Elimination of �R gives

3(p + �) _R = �
 

_G

G
� + _� +

_�

8�G

!
R: (4)

2. Particle creation

2.1. Matter-Dominated Universe

For a pressure-less (p = 0) Universe, eq.(4) reads

d(�R3)

dt
= � R3

8�G

d�

dt
: (5)

In this paper we discuss 
at cosmological models
with a � term varying as [3]

� = 3�
_R2

R2 + �
�R

R
+

3


R2 ; (6)

1e-mail: arbab64@hotmail.com

where � , � and 
 are arbitrary constants.
This model extends the Carvalho et al. model to

include the possibility of variable gravitational constant
[4].

Eqs.(2) and (6) yield

(2� �)�RR + (1 � 3�) _R2 � 3


R2 = 0; (7)

which yields

_R2 =
3


(1� 3�)
+ AR�2(1�3�)=(2��); (8)

where A = constant.
If A=0 (singular solution), one obtains,

R =

s
3


(1� 3�)
t; � <

1

3
: (9)

Eqs.(1), (6) and (9) yield

Hp =
1

tp
; �(t) =

1

t2p
; � =

1

4�G

1

t2p
: (10)

where H =
_R
R is the Hubble constant. Hereafter the

subscript `p' denotes the present value of the quantity.
The vacuum energy density (�v ) is given by

�v(t) =
�

8�G
=

1

8�G

1

t2
: (11)

The deceleration parameter (q) is de�ned as

q � �
�RR
_R2

= 0: (12)

The density parameter of the Universe (
m ) is given
by


m =
�

�c
=

2

3
; (13)
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where �c =
3H2

8�G .
The density parameter due to vacuum contribution

is de�ned as 
� = �
3H2 .

Using eq.(10) this yields


� =
1

3
: (14)

It is interesting that the above cosmological param-
eters are independent of the value of �; � or 
 .

We shall de�ne 
total as


total = 
m + 
�: (15)

Hence eqs.(13), (14) and (15) give 
total = 1. The
in
ationary paradigm requires this solution. A very
recent age of the Universe is shown to be 12 billion
years. This would imply that the Hubble constant
Hp = 81 kms�1Mpc�1 . This value is consistent with
the recent Hubble Space Telescope determination of
h = 0:80� 0:17 [5].

We now turn to calculate the rate of particle cre-
ation (annihilation) n, which is de�ned as [6]

n =
1

R3
p

d(�R3)

dt
jp: (16)

Using eqs.(5), (9) and (10), eq.(16) yields

np = �pHp: (17)

We remark that this rate is less than that of the Steady
State model (= 3�pHp ).

3. A model with variable G

We now consider a model in which both G and � vary
with time in such a way the usual energy conservation
law holds.

Equation (4) can be split to give [2]

_� + 3H� = 0; (18)

and

_� + 8� _G� = 0: (19)

3.1. Matter-Dominated Universe

Using eqs.(9) and (10), eqs.(18) and (19) yield

�(t) = A0t�3; (20)

and

G(t) =
1

4�GA0
t; A0 = const: (21)

This solution is obtained by Berman and Som [7]
and can be obtained from Berman's model [8] with
[m = 1; � = 0].

It has been shown that the development of the large-
scale anisotropy is given by the ratio of the shear � to

the volume expansion (� = 3
_R
R ) which evolves as [9]

�

�
/ t�2: (22)

The present observed isotropy of the Universe re-
quires this anisotropy to be decreasing as the Uni-
verse expands. Thus an increasing G guarantees an
isotropized Universe.

3.2. Radiation-Dominated Universe

This is de�ned by the equation of the state p = 1
3� (! =

1
3). Eqs.(1), (2) and (6) yield

(1� 2�)
_R2

R2
+ (1� 2

3
�)

�R

R
� 2


R2
= 0; (23)

which gives

_R2 =
2


(1� 2�)
+ BR�2(1�2�)=(1�2

3�); (24)

where B=const. For B =0 (singular solution), one ob-
tains

R =

s
2


(1� 2�)
t; � <

1

2
: (25)

Eqs.(1) and (6) give

� =
3

2

1

t2
; � =

3

16�G

1

t2
: (26)

It has been pointed out that we need not have
an in
ationary phase (exponential law for R) because
there is no horizon problem with the above solution
[8]. We see from eqs.(10) and (26) that the ration of
the cosmological constant at the Planck's time (tPl =
10�43 sec) and the present time (tp = 1017 sec) is
�Pl
�p

= ( 1017

10�43 )
2 = 10120 . Thus �, today, is exceedingly

small because the Universe is too old!.
Eqs.(15) and (26) yield


r = 
� =
1

2
: (27)

Again we see that the above cosmological parame-
ters are independent of the value of �; � or 
 . Equa-
tion (27) shows that the radiation and vacuum con-
tributes equally to the total energy density.

4. A model with variable G

Equation (4) now reads

_� + 4H� = 0; (28)

and

_� + 8� _G� = 0: (29)
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Employing eqs.(1) and (6), eqs.(28) and (29) yield

� = B0t�4; G =
3

16�B0
t2; B0 = const: (30)

Recently, Abdel Rahman [2] and Berman [7,8,10]
(with [m = 1; � = 1

3 ]) have found that R / t;G /
t2; � / t�4 in the radiation era.

5. Conclusion

We have analyzed in this paper the e�ect of the as-
sumed decay law for the cosmological constant. The
only possible solution is the R / t for the radiation
and matter dominated epochs.

Berman obtains this solution (for Brans-Dicke mod-
els with a time dependent cosmological term) for the
matter and the radiation epochs and by Abdel Rah-
man for the radiation epoch. There is no horizon or
age problem associated with this solution. Our model
predicts that Hp = 81 kms�1Mpc�1 if the age of the
Universe is 12 billion years.

Thus by introducing the cosmological constant it is
possible for a 
at model to be in accordance with the
Universe age even with high values of Hp . We stress
that the decay law � / t�2 indeed plays an important
role in cosmology as remarked by Berman. A natural
extension of this work would be to investigate di�erent
scenarios by considering non-singular solutions, i.e., so-
lutions with A and B negative.

Acknowledgements

I would like to thank the Omdurman Ahlia University
for �nancial support.

References

[1] NASA GROUP of astronomers, 25 May 1999.

[2] Abdel-Rahman, A. -M. M., 1990. Gen. Rel. Gravit.22,
655.

[3] Al-Rawaf, A. S., 1998. Mod. Phys. Lett.A 13, 429.

[4] Carvalho, J. C., Lima, J. A. S., and Waga, I., 1992.
Phys. Rev.D46, 2404.

[5] Freedman, W. L., 1994. Nature371, 757.

[6] Matyjasek, J., 1995. Phys. Rev.D51, 4154.

[7] Berman, M. S., and Som, M. M., 1990. Int. J. Theor.
Phys. 29, 1411.

[8] Berman, M. S., 1991. Gen. Rel. Gravit.23, 465.

[9] Barrow, J. D., 1978. Mon. Not. astr. Soc. 184, 677.

[10] Berman, M. S., 1990. Int. J. Theor. Phys. 29, 1419.



Spacetime &Substance, Vol. 2 (2001), No. 1 (6), pp. 41{43
c
 2001 Research and Technological Institute of Transcription, Translation and Replication, JSC

THE IDENTITY OF GRAVITATIONAL MASS/INERTIAL MASS.

A SOURCE OF MISUNDERSTANDINGS

Jo. Guala-Valverde1

Fundaci�on Julio Palacios and Consejo Provincial de Educaci�on, Salta 326, 8300-Neuqu�en, Argentina

Received April 5, 2001

With the aim of removing some frequent misunderstandings, I attempt to clarify the di�erences between inertial
and gravitational mass.

1. Introduction

Newton never pre-judged the proportionality between
inertial mass and gravitational mass. On the contrary,
he performed his famous experiments with the aid of
pendulum �lled with di�erent substances, in order to
check the above proportionality, suggested by Galilei
when dealing with free-fall.

With the above experiments Newton secured the ra-
tio

gravitational mass
inertial mass =

mg

mi
= C (1)

within some 10�3 relative uncertainty. We named [1,
2] the Second law of Newton's gravitational theory the
statement given by equ. (1).

The First law of Newtonian gravitational theory
reads:

FN =
mg1mg2

r2
: (2)

In which mgj means the gravitational mass of the
point particles 1, 2, respectively.

We consider the gravitational mass as being a pri-
mary magnitude [3], similar in this sense to the electric
charge and to the spin. A primary magnitude cannot
be derived, up to now, from other previously known
properties.

Some authors prefer to write equ. (2) with a mul-
tiplicative constant � , FN = � (mg1mg2) =r2: We will
show that the above constant is super
uous.

First at all, gravitational force doesn?t depend upon
the medium in which the particles are immersed. There
is no gravitational permittivity. This is a very important
di�erence when comparing with the Priestley-Coulomb
law. � being a number independent of the medium, for
the sake of symmetry, it will a�ect in the same way each
point mass. Thereby, FN =

��p
�mg1

� �p
�mg2

��
=r2 .

1e-mail: fundacionjuliopalacios@usa.net

In such a case, we de�ne m0

gj =
p
�mgj as being the

gravitational mass of the point mass j . QED. \We
must avoid including super
uous elements in the
description of physical phenomena." Is. New-
ton, Principia.

By inserting equ. (1) in equ. (2) we get the familiar
force law, written in terms of inertial masses, mij .

FN = C2mg1mg2

r2
= G

mg1mg2

r2
(3)

wherein G = C2 = 6:67 � 10�8 cm3g�1s�2 = 6:67 �
10�11 m3kg�1s�2 .

With the above analysis we rewrite equ. (1) as:

mgj =
p
Gmij : (4)

Equation (4) allows us to grasp the \size" of the
standard of gravitational mass in terms of the most
familiar standards of inertial mass. Thus, in the CGS
system, a body having 1 Unit of gravitational mass has
an inertial mass amounting to 1=

p
G � 4 � 103 g , i.e.

some 4 kg . From equ. (2) and [F ] = L1M1T�2 we
deduce the dimensional formula for gravitational mass,

[mg] = L3=2M1=2T�1; (5)

wherein the Maxwell's bracket means the ratio of the
standards employed to measure gravitational mass in
two coherent systems of units (such as the CGS and
the MKS), [mg] = U 0

mg=Umg = a real namber . The
same meaning have the symbols L = U 0

L=UL for lenght,
and M and T , for inertial mass and time, respectively
[4].

On account of equ. (5) we get U 0

mg = Umg (100=1)
3=2

(1000=1)1=2 (1)�1 = 3:162� 104 , being U 0

mg and Umg
the MKS and CGS standard of gravitational mass, re-
spectively.

Due to historical arguments [4-6] we propose the
name schrodinger (Sch) for the CGS standard, Umg ,
and the name palacios (Pal) for the MKS standard.
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Thus, 1 Pal = 31:620 Sch , despite the fact that 1 kg =
1; 000 g .

Einstein [7] based his GTR upon the relation mg =
mi , which, according to our above analysis, is physical-
ly untenable He said \we achieve the equality of the two
masses by choosing a suitable set of standards." But,
in practice, Einstein forgot to describe his suitable set
of standards.

2. Post-Newtonian formulations

Recently A.K.T.Assis was able to enhance Newtoni-
an physics explaining at once the origin of inertia [8-
10] according to Mach?s ideas. His starting point was
a Weber-like force, which reads, in obvious notation,

FWA = FN

�
1� � _r2

2c2
+
�r�r

c2

�
: (6)

The otherwise excellent work of Assis is ambiguous
concerning the neat distinction between inertial and
gravitational masses. We have improved it in accor-
dance with our above considerations [1-3, 11].

With the aid of equ. (6) Assis calculates the force,
FUk , exerted by the whole isotropic universe on an ac-
celerated test particle having gravitational mass mgk :
FUk = �mgk�Aa , wherein �A � �

2��G�g0=3H2
0

�
.

In order to recover Newton?s second law Assis is con-
strained to take � = 1, with which inertial mass be-
comes identical to gravitational mass. In our version
of Relational Mechanics [1, 2, 11] we take �GV ��
2��G�g0=3H2

0

�
, with which inertial mass, mik , be-

comes mik � mgk�GV , and, on account of equ. (4) we

get G � �3H2
0=2��G�g0

�2
. Since the density of inertial

mass, �i0 , also scales as inertial mass, it will be [1, 2,
11]

�i0 = �g0�GV 1 (�g0)
2 : (7)

Equation (7) has a clear physical meaning: an in-
crease in the density of inertial mass arises from to two
di�erent causes:

1) An increase in the number of galaxies also in-
creases �g (\cumulative e�ect") and, consequently �l .
Thus �0l 1 �g , a fact covered by Assis?s formulation.

2) The increase in the density of gravitational mass
also increases the individual inertial mass of each parti-
cle [1, 2] (here is the core of Mach?s Principle!). There-
fore, it will be �00l1 �0l �g 1 �2g , in accordance with
equ. (7).

Since �A = 1 in Assis's algorism, the two above
described facts are not manifest.

On account of equ. (7) we �nd G � 3H2
0=2��G�g0

in agreement with the relation advanced by Dirac [14].
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A new method based on the phenomenon of the optical-mechanical parametric resonance is proposed to detect the
gravitational waves. The atoms and molecules responsible for the radiation of the cosmic masers can be described
in frames of the two-level system model. The distance between these atoms and the Earth oscillates when the
gravitational wave falls upon them. This a�ects the observable maser spectrum and a low frequency nonstationary
component appears on it. The frequency of this component corresponds to the frequency of the gravitational wave.
The needed astronomical observations and the additional instrumentation are described.

PACS number(s): 04.80.Nn, 95.75.St, 95.90.+v, 42.50.Vk

1. Introduction

This paper presents not a new result but rather a new
idea based on the recently theoretically discovered e�ect
of the optical-mechanical parametric resonance (OM-
PR) [1], [2] . The essence of it is that under special
conditions the mechanical motion of atoms driven by
a strong electromagnetic (EM) �eld essentially a�ects
the observable spectrum. In case the atoms take part in
the periodical motion (oscillate), a nonstationary com-
ponent with large amplitude appears on the spectrum.
Such a situation might take place when a gravitation-
al wave (GW) produced by a periodical source passes
through a cosmic maser whose signal is observed from
the Earth. In spite of the fact that there is a number
of serious questions that still remains, the discussion of
the idea to regard a cosmic maser as a part of an in-
strument { remote quantum detector { to observe the
GW with the help of specially modi�ed radiotelescope
might be of interest to the researchers.

Cosmic masers are the interstellar clouds where the
concentrations of atoms are higher than the average.
The atoms in these clouds may be excited by various
external sources and emit the microwave radiation. Due
to stimulated transitions (maser e�ect) the radiation is
highly monochromatic, and its intensity grows as the
radiation passes through the cloud. These regions are
well observed from the Earth, their typical brightness
temperatures being 108 � 1012K , which corresponds
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to the 
ux density of 102 � 104Jy . The theory and
experimental data for these objects are discussed in [3],
[4].

Brie
y speaking, the OMPR constitutes the follow-
ing. Take a gas consisting of the two-level atoms (TLA),
and let the strong resonant EM radiation pass through
this gas. Use some periodical external source to bring
the atoms into simultaneous mechanical oscillations (in
laboratory frame) in parallel to the radiation beam. Let
us assume that a) there is a non-zero detuning of the
EM radiation frequency 
 from the frequency of the
atomic transition ! , b) the amplitude of the atomic
mechanical oscillations su�ces the amplitude condition

kV

�
� " (1)

here k is the wave vector of the electromagnetic �eld,
V is the atomic velocity due to oscillations, � = Ed

2�h is
Rabi parameter (or Rabi frequency), E is the electric
component of the �eld, d is the dipole moment of the
atom, �h is Planck's constant, " is a small dimension-
less parameter), and c) the frequency of the mechanical
oscillations, D; su�ces the tuning (or parametric reso-
nance) condition

D = 2

r
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(here V0 is the thermal velocity of an atom). These
conditions su�ced, the observable spectrum (absorp-
tion or radiation) essentially deforms and obtains a
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characteristic nonstationary feature, the amplitude of
which is much larger than the height of the stationary
resonant peak. 'Nonstationary' means that the absorp-
tion coe�cient will have an additional component, the
amplitude of which is a cosine function of time. This
amplitude obtains both positive and negative values.
Negative values in absorption correspond to the ampli-
�cation, and, therefore, the mean (averaged over time)
signal will be absent, because the ampli�cation during
one half of a period compensates the absorption during
the other half of a period. But if the observation is
performed with the help of an additional device like a
lock-in ampli�er, it is possible to register a signal at the
frequency equal to the frequency of oscillations (and, as
it was shown, it will be essentially higher than the reg-
ular stationary signal at the resonance frequency).

The curvature waves produced by a GW source act
both on the Earth and on cosmic maser and lead to
the varying of the separation between the Earth and
maser's atoms, i.e. the distance between the atoms and
the Earth oscillates. This is similar to what can take
place in the laboratory investigations of the OMPR,
when the distance between the (vibrating) atoms and
the detector oscillates. Provided the OMPR conditions
are ful�lled and the observation of maser radiation is
modi�ed in an appropriate way, the e�ect of the GW ac-
tion could be registered, thus, giving the direct evidence
of the GW existence. The sensitivity of the instruments
now in use is su�cient to perform the measurements in
question, since the stationary maser signals are easily
detected by the existing radiotelescopes and the expect-
ed signal is larger than the signals already observed.

Unfortunately, this does not mean that the prob-
lem of the GW detection could be, thus, easily solved.
Though technical problems of the instrument's sensi-
tivity and noise �ltration practically vanish, a purely
astronomical and in a sense astrophysical problem of
the search of the suitable maser arises. Nevertheless, it
seems that the discussion of the applicability of the new
principle to the solution of one of the most challenging
problems of modern physics could be useful.

2. Detection of the gravitational waves

To apply the ideas supporting the OMPR e�ect to the
GW detection with the help of the cosmic masers one
has to check up three groups of assumptions:

(i) the physical backup: a) there must be a gas of the
TLAs and a resonant monochromatic �eld that is strong
in the spectroscopical sense, i.e. its Rabi parameter, �;
is larger than the TLA's excited state decay rate, 
 ;
b) there must be a source that provides the oscillatory
motion of the TLAs;

(ii) the OMPR conditions: a) Rabi frequency must
be of the same order as the frequency of the atoms
oscillations; b) the amplitude of the oscillations must

provide the possibility of the e�ect;
(iii) the observation possibilities: a) the relative lo-

cation of the GW source, the maser and the observer;
b) the instrument's sensitivity.

2.1. Physical backup

There is a number of various masers [5], [6] in space
functioning in some of the regions where the concen-
trations of H, OH, H2O, SiO and other atoms and
molecules are higher than the average. The spectrum
peaks corresponding to the radiation from these ob-
jects have the radio frequency and the line widths of
such masers are usually about (2 � 10) � 103 s�1 . All
these atoms and molecules in our case can be described
in frames of the two-level system model (and will be
called TLAs). If there is a pumping mechanism, the
medium with the inverse population occurs. Two types
of space masers are known: unsaturated and saturat-
ed, the latter being the one where the �eld is strong in
the spectroscopical sense. The important thing is that
in the saturated maser the intensity of radiation grows
linearly [5] while propagating through the maser. The
star shells also present suitable regions for space masers
that could be of interest in view of our goal.

A rotating astrophysical object with the nonzero
quadrupole moment can be a source of the tensor GW
and a radially pulsating object { a source of scalar GW.
In this paper we will concentrate upon the periodical
sources such as rotating neutron stars (e.g. the pul-
sar PSR 0532 in Crab nebulae). In this case the GW-
source is highly monochromatic [7]. A GW produced
by a source causes the varying of the distance between
any two points with the frequency, D; equal to that
of the GW. When the mechanical oscillations of atoms
take place in a laboratory set up, the distance between
the atoms and the detector (that presents the laborato-
ry reference frame), also changes in the similar manner.
It is this e�ect that can lead to the OMPR in the labo-
ratory, and this is why it is possible to apply the OMPR
for the search of the GWwith the help of cosmicmasers.

The intensity of the driving EM �eld interacting
with the atom is characterized by Rabi parameter (or
Rabi frequency) � = Ed

2�h : The "strong" �eld means
that the stimulated absorption-emission governs the
atomic behavior, i.e. 
=� � " where " is small. In
view of our goal and with regard to the OMPR condi-
tions discussed further, � must be of the same order
as D { the frequency of the mechanical oscillations.
The GW frequencies vary from 101 s�1 for the peri-
odical sources (e.g. pulsar in the Crab nebulae) to
103 s�1 corresponding to the catastrophic events in
the Galaxy nucleus [9], [14]. Let a periodical source
have frequency proportional to 101 s�1 . Then, if we
assume " � 10�2 , the value of the excited state de-
cay rate 
 corresponding to the strong �eld should
be of the order of 10�1 s�1 , i.e. the excited state of
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the atom is metastable. In [15] it was found that the
OH-radical has a suitable rotational transition (its fre-
quency [16] is of the order of 109 � 1010 s�1 ) with

 = 10�1 s�1 . In [15] this value was used to evalu-
ate the OH space maser dimensions. The intensity of
the radio signal coming to the Earth from a typical
OH-maser corresponds to the intensity I at the maser
border equal to I � 1022W , while a typical maser
dimension has a value of rm � 1012m. To evaluate the
electric stress of the �eld at the maser border Em , the
formulas for the power 
ow S = I

4�r2m
and S = "0cE2

m

("0 = 8:85 � 10�12F �m�1 { absolute dielectric per-
mittivity) can be used, and the stress appears to be
Em � 100V �m�1 . Substituting this value into the
formula for Rabi frequency, we see that in the depth
of the maser cloud there is a region with � � 101 s�1

providing the chosen value " � 10�2 . And the OH
maser sources are frequent in space.

Thus, there are regions in space where there ex-
ist the two-level atoms driven by a strong resonant
monochromatic �eld (e.g. OH-masers), and there ex-
ist the external sources (e.g. pulsars) that can "make
these atoms oscillate" with regard to the Earth location
when the GW passes through the maser.

2.2. OMPR conditions

The OMPR conditions a), b) (eq.1) and c) (eq. 2) men-
tioned in the Introduction were obtained in [1], [2] .

A non-zero detuning of the radiation frequency from
the frequency of the atomic transition can be delivered
by the consideration of the non-zero velocity of the in-
terstellar gas leading to the Doppler shift of the reso-
nance frequency.

Let us now evaluate the needed amplitude of the
atoms' oscillations providing the OMPR. Substituting
D � 101 s�1 , 
 � 10�1 s�1 , and ! � 1010 s�1 into
eq.1, we �nd that the vibrating maser's atommust have
the amplitude of vibration equal to A � 10�4m. This
value of the amplitude can cause the e�ect in the case
under discussion. The possibility to have this value for
maser observations is discussed in the next subsection.

To su�ce the resonance condition, the GW frequen-
cy must be proportional to the maser radiation inten-
sity, and D � � . But the maser diameter is very
large, and the radiation intensity varies while propa-
gating through the maser. Thus, the precise tuning
for the given frequency of external action { that is the
expected GW frequency { can be reached only in the
region of a maser where Rabi frequency su�ces the OM-
PR condition. For other maser's parts located further
and nearer to the observer, this condition would be
broken. But the existence of an OMPR-region, even
though it is just a part of a maser as a whole, could
be enough to provide the main thing { that is the ap-
pearance of the nonstationary component in the spec-
trum. Observed with the help of an additional device

like a low frequency lock-in (LFL), it would point at
the OMPR caused by the atoms' oscillation. Other ef-
fects like weak �eld resonance 
uorescence, or Doppler
driven spectral changes would not count in the nonsta-
tionary component of the signal. There is a possibility
that the amplitude of the observable nonstationary sig-
nal would not be higher than the value of the stationary
signal already observable. This can happen in the case
when the maser OMPR-region is far from the closest
to the Earth maser "border" . Still the hope remains
to recognize the existence of the OMPR caused by the
gravitational radiation with the help of an LFL and
observe only the low frequency GW- modulated part of
the maser signal.

Let us now evaluate the longitudinal and transver-
sal dimensions of the OMPR-region with regard to the
observation line (OL). Considering the spatial extent
of the cosmic maser, the attention should be paid to
the following: a) could the EM radiation propagating
through the maser and along the OL consequently meet
atoms with counterphase displacements with regard to
the Earth, that will, thus, destroy the e�ect?; b) could
the EM radiation from the points that are situated at
half a GW wavelength from one another along the GW
wave vector (i.e. perpendicular to the OL) be self com-
pensating when being registered by an instrument on
the Earth? Question b) deals with the angular resolu-
tion of existing instruments. The point of observation
must have the angular dimension that is less than half
of the GW wave length, which is equal to c

D and in our
case is about 106� 107m. This is within the resolution
possibilities of the modern radiotelescopes. Question a)
is more complicated and demands the following analy-
sis. One has to estimate the longitudinal dimension
of the region where the OMPR conditions are ful�lled,
and make sure that it is not larger than the half of the
GW length. Since E2 grows linearly while the EM ra-
diation propagates through the maser, we can estimate
the distance passed by the radiation until the OMPR
tuning condition is broken. Let E2

m correspond to the
maser border (i.e. to the observable stationary signal),
rm is maser dimension, E2

R is the �eld needed to pro-
vide the value of Rabi frequency su�cing the tuning
condition, r is the distance between the maser's border
(furthermost from the observer) and the region where
the OMPR could take place. When the radiation reach-
es r + �r point, the intensity becomes proportional
to (ER + �E)2 . The linear increase of the intensi-
ty in the saturated masers leads to the simple propor-

tions r+�r
r = (ER+�E)2

E2
R

and r
E2
R
= rm

E2
m

, which give

�r = 2ER�EE2
m

rm . The electric component ER is pro-

portional to Rabi frequency � , and if the parametric
resonance tuning �� is chosen to be equal to "� , then
�E will be equal to "ER . Thus, for the longitudinal



Cosmic maser as a remote quantum detector of the gravitational waves 47

dimension of the OMPR region one gets

�r = 2"
E2
R

E2
m

rm (3)

For the typical OH -masers the squared electric
stress at the border is E2

m � 100V2�m�2 . In the def-
inition � = ERd

2�h one should choose � � 101s�1 , the
dipole moment is [17] d = 6 � 10�30C �m, then in the
OMPR region of the maser E2

R = 2�h�
d � 10�3V2�m�2 .

Substituting these values into eq.3 , one gets �r �
105m. If the maser intensity is larger than the men-
tioned typical value, then the OMPR region is more
compact, and the possibility to su�ce the tuning con-
dition increases. Note, that simultaneously the number
of atoms taking part in the e�ect decreases, and higher
density of the cloud is needed. If the maser intensity is
less than the given value, the OMPR region increases,
and the atoms separated by the distance larger than the
GW length move in the counterphase and can destroy
the e�ect. Thus, the OMPR conditions can be ful�lled,
but a suitable maser must be carefully selected.

2.3. Observation possibilities

Now let's investigate the possibilities for the maser lo-
cation to meet the needed value of the amplitude. The
metric tensor component h =j h�� j corresponding to
the gravity radiation emitted by an object like a neu-
tron star is inversely proportional to the distance from
the source, and is equal [7], [8] to

j h�� j' GML2D2

c4r
ge (4)

where G is the gravitation constant; M is the star
mass; L is the star linear dimension; r is the distance
to the region where the GW acts on a detector (here:
on a TLA in a maser), ge is the gravitational ellipticity
in the equatorial plane of a star.

The free bodies methods of the GW detection take
into account the relation l1

l = 1
2h , where l is the dis-

tance between the two free bodies at small separation
in the 
at space (interferometer mirrors), and l1 is the
variation of this distance due to curvature waves [9].
The value of l1 will reach its maximum for the local
detector, when l (the interferometer arm) is equal to
the half of the GW length. In all the other cases, be
l several times less or larger than this value, the sit-
uation won't improve because the value of h for the
local detector remains the same. But for the remote
quantum detector the situation is di�erent. One of the
two free bodies in question (here: OMPR region of a
maser) can be located in a region where h is essential-
ly larger, i.e. in the vicinity of the star (GW source).
The most favorable position for the maser is on the
circle, the diameter of which connects the Earth and
the GW source. In this case the distance between the

(tensor) GW source and the Earth does not variate due
to this source's gravity radiation, while the maser-to-
Earth distance variates in the maximal way. To enlarge
the amplitude of the maser's atom oscillations (in the
Earth reference frame), the maser should be close to
the GW source.

Let us evaluate the distance from the GW source
to a place, where the displacement l1 of the maser's
atoms suits the OMPR amplitude condition A = 10�4

m obtained in the previous subsection. To do this let
us pretend that we deal with the local detector, and
its interferometer arm is equal to the half of the GW
length, i.e. l � 106 m. Then for l1 � 10�4 m, the
formula l1

l = 1
2h gives h � 10�10 which is enormous in

comparison to its value on the Earth but is reasonable
for the star vicinity. Notice, that this value is still small
enough to be within the assumptions of the weak �eld
general relativity approach. Substituting this value of
h and, e.g., Crab pulsar's characteristics M = 2:4 �
1030kg, L = 1:2 � 104m, D = 63Hz � 400s�1 , into
eq.4 and taking [8] ge = 6 � 10�4 , we obtain r � 105m
. This is just below the border of the wave zone for
the Crab GW source. If we consider Vela pulsar that
has the similar values for mass and dimension [10] but
has D = 22 Hz and ge = 4 � 10�3 [8], we get the
same order of the distance in question r � 105m. The
gravitational ellipticity factor could play an essential
role in the estimation of r , but the known values for
it vary in di�erent papers (e.g. in the earlier work [11]
there were ge = 3 � 10�6 for Crab and ge = 3 � 10�5
for Vela, both of which are worse in view of our goal).
This means that the search for the GW source has the
additional restriction due to the gravitational ellipticity
factor.

Now let us drag one of the mirrors of our interferom-
eter as far as the Earth. In view of the "interferometric"
observational possibilities, this will not change the ex-
perimental situation signi�cantly. Notice also, that as
we saw in the previous subsection, the dimensions of the
OMPR maser region is comparable to the GW length.
This means that the neighboring maxima and minima
of the GW will not compensate each other when driving
the atoms.

The chance of an astronomical maser being located
within the due distance from a suitable rotating and
distorted neutron star is rather low, but as it was al-
ready mentioned earlier the star shells can also reveal
maser properties. In [12], [13] there are some examples
of the atmospheres around neutron stars in X-ray bi-
naries, though the atmospheres discussed there are far
di�erent from those that could support an astrophysical
maser. Particularly, the soft X-ray thermal radiation
�eld would completely dissociate any of the molecules
required for an astrophysical maser. This last problem
can be avoided by assuming a single neutron star that
has cooled to a very low surface temperature, if that
can occur in a Hubble time.
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The density of the maser region must be high
enough to provide the su�cient number of atoms tak-
ing part in the OMPR. Let there be 10 atoms on every
linear centimeter of the OMPR maser region along the
observation line. Then for �r � 105m there will be 108

atoms, which is a detectable number of atoms even for a
regular experiment in which the stationary component
is registered.

The conclusion is that the suitable maser must be
located in a star vicinity. In this case the correspond-
ing observations in search for the GW with the help of
OMPR will be possible. The sensitivity of the existing
instruments able to measure the regular maser signal is
enough to observe the high nonstationary peak. This
means that the signal-to-noise ratio will not be a prob-
lem when the suggested method is used.

3. Discussion

The method discussed in this paper di�ers from the
known methods and suggests a direct observation of
GW in contrast to that of [18]. It is based on the
new principle which is the registration of the OMPR in
cosmic masers. As it follows from the reasoning given
above, the sensitivity of the already existing astrophys-
ical instruments is enough to detect the e�ect if any.
Thus, the problem in question changes: from a purely
technical struggle for the high sensitivity it becomes an
astronomical search for a suitable maser.

The following plan of the experiment can be pro-
posed. The radio telescope is �xed at the suitable TLA
transition of the selected space maser. The maser signal
registered by a radiotelescope is processed by an addi-
tional low frequency lock-in ampli�er. Simultaneously,
the lock-in is synchronized with a reference strobe signal
from the low frequency generator working at 101� 103

s�1 . The search at the frequencies corresponding to the
periodical GW sources is to be performed. In case the
conditions of the OMPR are ful�lled the low frequency
peak will appear and present a proof of the GW exis-
tence. This signal can be distinguished from the others
because it reveals itself in the nonstationary component
of the signal.

In conclusion it should be underlined once again
that this paper is devoted to the discussion of the new
method of the GW detection. Instead of dealing with
the technical di�culties in the Earth laboratories, we
confront the problem of the search for the suitable cos-
mic maser which is not that easy. As it was shown, the
needed astrophysical conditions are at the limit of the
method's applicability. The discussed approach gives a
new direction of thought for the problem of the gravi-
tational waves detection.
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